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Tobacco Cessation and the Household Budget: A Longitudinal Analysis of Consumption and 
Heterogeneity in the United States 
By 
Erin S. Rogers 
Advisor: William T. Gallo, PhD 
 
Objectives: 
This dissertation was designed to: (1) estimate the relationships between recent, long-
term, and relapsed tobacco cessation and dollars spent on non-tobacco goods among households 
in the U.S., (2) estimate the relationships between recent, long-term, and relapsed tobacco 
cessation and the budget shares allocated to non-tobacco goods among households in the U.S., 
and (3) to identify and characterize unobserved heterogeneity in the relationship between tobacco 
cessation and dollars spent on alcohol and food.  
Methods:  
Using 2006-2012 Consumer Expenditure Survey (CES) data, a cohort of 6,739 tobacco-
consuming households was created and followed for four quarters. Households were categorized 
during the fourth quarter as having: (1) recent tobacco cessation, (2) long-term cessation, (3) 
relapsed cessation or (4) no cessation. Generalized linear models and fractional logistic 
regression were used to compare the fourth quarter expenditures and budget shares of eight 
categories (alcohol, food at home, food away from home, housing, health care, transportation, 
entertainment and other) between the no cessation households and those with recent, long-term 
or relapsed cessation. All models controlled for potential confounding variables, including 
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household sociodemographics and economic changes during the study’s four quarters (e.g., 
income change, state-level change in unemployment, household job loss). Finite mixture 
modeling (FMM) was used to further examine unobserved heterogeneity in the relationships 
between cessation and household spending on food and alcohol.  
Results: 
Compared to households that did not quit during the study, households with long-term 
and recent cessation had significantly lower fourth quarter spending on alcohol, entertainment, 
and transportation. The reduced spending on alcohol among households with recent or long-term 
cessation was driven by a significantly higher proportion of households with no alcohol spending 
in the fourth quarter. Recent cessation was further associated with reduced spending on food at 
home, while relapsed cessation was associated with higher spending on food away from home. 
There were no significant differences in dollars spent on health care, housing, or other goods 
between households that did not quit and those with any type of cessation.  
The analysis of fourth quarter budget share data found that long-term cessation was 
associated with a significantly lower share of the budget allocated to alcohol and entertainment, 
yet a higher share to housing, health care and food. Recent cessation was associated with a 
significantly lower budget share for alcohol, yet a higher share on housing and ‘other’ goods or 
services. There were no significant differences between households with recent cessation and 
those that did not quit in the share of the budget allocated to health care, food, transportation, or 
entertainment. Households with relapsed cessation had a significantly higher food away from 
home budget during the fourth quarter than households that did not quit, despite resuming their 
spending on tobacco. Further, the proportion of the total food budget in particular among 
relapsed households shifted toward food away from home purchases.  
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Lastly, the FMM’s results revealed significant heterogeneity in household spending on 
alcohol following cessation. While most households reduced alcohol spending during or after 
tobacco cessation, a subgroup of households (determined by lower pre-quit alcohol spending and 
possibly younger age, white race, and multi-person membership) were also able to reduce or 
maintain a reduction in alcohol spending following relapse back to tobacco. The food at home 
FMM analysis suggested that the effect of tobacco cessation on food at home spending was 
largely homogeneous, with 96% of the sample captured by a single subpopulation, in which both 
long-term and recent cessation were associated with a small but significant reduction in food at 
home spending. Households were more likely to be part of the subpopulation that did not lower 
their food at home spending after quitting if they had lower pre-quit spending on food at home, 
were not married, and had experienced a decrease in earners during the study. The food away 
from home FMM analysis found that long-term and recent cessation were unrelated to fourth 
quarter spending on food away from home in the two subpopulations identified, but relapsed 
cessation was associated with higher spending on food away from home in only the smaller of 
the two subpopulations identified. Households were more likely to be part of the subpopulation 
that increased food away spending with tobacco relapse if they had higher baseline food away 
spending, were not married, and had not experienced job loss during the study.  
Conclusions: 
Long-term and recent tobacco cessation were not associated with higher spending in any 
non-tobacco category. Households with long-term and recent cessation appeared to execute 
expenditure reductions that enabled or complemented their tobacco cessation and decreased their 
total expenditures – leaving a prioritization within the budget of food, housing, and health care. 
Overall, the relapsed household findings suggest one of a struggle between a new health priority 
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(e.g., a quit attempt and reduced relative spending on alcohol) and an increase in eating away 
from home, with ultimate relapse back to tobacco. Financial strain and/or income constraints, as 
well as social motivations to eat at home, were the most consistent determinants of the change in 
a household’s spending on food away from home following cessation. Additional research is 
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CHAPTER 1:  
Introduction 
 
1.1 Tobacco Use is one of the Largest Preventable Causes of Mortality and Morbidity in 
the United States  
Tobacco use is one of the largest causes of preventable mortality and morbidity in the 
United States (U.S.), contributing to over 480,000 (or 1 in 5) deaths per year.1-3 Tobacco use 
produces negative health effects throughout the human body, leading to the development of 
multiple diverse diseases, including coronary artery disease, rheumatoid arthritis, periodontal 
disease, type 2 diabetes mellitus, chronic obstructive pulmonary disease and several types of 
cancer.3 It is estimated that tobacco use is responsible for 30% of all cancer deaths and 87% of 
lung cancer mortality.4 Moreover, smoking after a cancer diagnosis decreases the effectiveness 
of cancer treatments (e.g., radiation, chemotherapy), increases risk of recurrence, second cancers 
and mortality.8,9 10-12 Tobacco use not only harms the user, but those around him or her. 
Secondhand (environmental exposure) smoke causes an estimated 42,000 deaths from heart 
disease and 7,000 deaths from lung cancer per year.5 Smoking while pregnant significantly 
increases risk for prenatal and postnatal complications including preterm delivery, still birth, 
miscarriage, low birth weight and ectopic pregnancy.6  
1.2 Tobacco Use Remains a Prevalent Public Health Problem in the United States  
On average, 18% of adults (42.1 million) in the U.S. smoke cigarettes,7 and over 25% 
report current use of any type of tobacco.8 Tobacco use varies considerably by geography and 
sociodemographic characteristics. Men are more likely to smoke than women (32% vs. 18%).7 
Approximately 25% of high school students report using tobacco, compared to only 12% of 
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persons over age 65.8  Persons with mental health or substance disorders smoke at rates that are 
two-to-four times higher those found in the general population, with the rates of smoking highest 
among persons with schizophrenia and other psychotic disorders (up to 80%9). One of the most 
persistent disparities in tobacco use in the U.S. is the income disparity. Persons living with very 
low income smoke at rates that triple those found in persons living with high income (30% vs. 
9%), and this difference has persisted over time.10-13 Between 1965 and 1999, persons at the 
highest income level in the U.S. experienced a 62% reduction in smoking, while persons at the 
lowest income level experienced only a 9% reduction during this time period.14 More recently, 
from 2008 to 2013, the difference in annual smoking rates between the highest and lowest 
income levels remained steady at 20%.13  
1.3 Tobacco Use Generates Significant Financial Costs to Society 
As one of the greatest preventable causes of medical morbidity in the U.S., tobacco use 
contributes to over $200 billion annually in medical and non-medical health care expenditures 
and $115 billion in productivity losses to smokers and members of their households.15 Tobacco 
cessation is considered to be one of the most cost-effective preventive health services, and to 
reduce the incidence and prevalence of tobacco use, the U.S. Centers for Disease Control and 
Prevention (CDC) recommends that states collectively spend $3.4 billion per year on tobacco 
control.16 The annual financial costs of tobacco control in the U.S. are higher when including 
non-governmental (e.g., foundation) research and program spending, costs borne by individuals 
on cessation treatment (e.g., out-of-pocket spending on nicotine replacement therapy) and federal 
government expenditures. Federal spending on tobacco control includes approximately $320 
million in annual funding from the National Institutes of Health for tobacco research,17 $95-105 
million in annual CDC funding on tobacco prevention activities,18 and $11.2 million in annual 
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Medicare spending on tobacco treatment for its beneficiaries.19 These tobacco control 
expenditures represent opportunity costs to other government programs such as education. 
1.4 Personal Spending on Tobacco Products May Crowd-out other Expenditures 
 The financial consequences of tobacco use are often thought to be restricted to its indirect 
effects on health care and productivity, as well as the costs of tobacco control activities. 
However, personal spending on tobacco products may generate direct financial consequences to 
smokers, their households, and diverse sectors of the economy by limiting funds available for the 
purchase of other goods and services. A single pack of cigarettes costs on average $6.18 in the 
U.S. and varies across states.20 In Missouri a pack of cigarettes costs on average $4.41, while in 
New York City a pack can cost up to $13.00. With an average of 14.2 cigarettes smoked per day 
among daily smokers, the average smoking household in the U.S. spends almost $1100 per year 
on tobacco products that could be allocated elsewhere in the household budget.21   
 There is evidence that spending on tobacco products may crowd-out other expenditures. 
In the U.S., approximately 7.4% of smokers report experiencing “smoking-induced deprivation” 
(defined as the inability to purchase household essentials because money was spent cigarettes).22 
Smoking-induced deprivation varies by income, with 11.8% of low-income smokers in the U.S. 
reporting smoking-induced deprivation, compared to 5.7% of smokers with high-income.22 
Although data are limited, existing cross-sectional data on U.S. expenditures suggest that that 
tobacco purchases are made at the expense of housing and clothing.21 Studies not using 
expenditure data find that smoking is associated with increased likelihood of individual and 
household food insecurity (or a consistent and inadequate access to food due to lack of money or 
other resources).23-25 Data from non-U.S. countries similarly find that household tobacco use is 
associated with lower spending on household necessities.26-29 In Bangladesh, for example, 
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tobacco spending is associated with reduced spending on healthy food, education, transportation 
and fuel.30,31 In India, tobacco spending is associated with lower per capita nutrient intake and 
lower spending on milk, education, clean fuel and entertainment.32 In rural China, tobacco 
spending is associated with reduced spending on education, health care, farming equipment, and 
savings.21  
 Although the above data are concerning, there are significant gaps in the literature 
examining the relationship between tobacco use on household spending on other goods. In 
particular, no longitudinal studies have examined changes in expenditure patterns following the 
cessation of tobacco use. Therefore, it is currently unclear whether the spending patterns found in 
the existing research reflect tobacco-induced expenditure restriction that would be eliminated 
with the cessation of tobacco use or whether these patterns reflect the preferences of smokers 
that would remain in absence of tobacco use. As described above, less than 15% of smokers 
report smoking-induced deprivation, meaning that the vast majority do not feel that tobacco 
spending restricts in their ability to spend on other products.22 Additional research is needed to 
understand how smokers then spend their money after they quit. 
1.5 Tobacco Cessation May Function as a Discretionary Income Change for Smokers 
and their Households 
 The cessation of spending on tobacco produces a change in discretionary income for 
former smokers and their households. Prior theoretical and empirical work suggests that the way 
in which households modify their consumption in response to a change in income depends on 
several factors, including the type of good and the nature of the income change.33,34 Expenditures 
on non-essential and luxury goods (such as alcohol, entertainment and food eaten away from 
home) often increase with increases in income, while necessity goods (such as food at home, fuel 
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and housing) are commonly less sensitive to income changes – except among households that 
were previously deficient in these areas.35,36 Evidence also suggests that households are more 
likely to modify their expenditure patterns if they perceive an income change to be permanent, 
while temporary income changes or one-time payments (e.g., tax rebates) are often spent on 
correspondingly short-term purchases (such as a new car or television), savings and the paying-
off of debts.37-39 Discretionary income changes can also result from a change in the price of one 
good.40 For example, some research has found that higher cigarette prices are associated with 
increases in alcohol consumption, which may result from a consumer increasing alcohol use as a 
substitute for tobacco or as a luxury good as the former cigarette money becomes discretionary 
income after quitting.41  
 Although informative, the above literature on different sources of income changes may 
not reflect how a household would respond to the change in discretionary income that results 
from tobacco cessation. Tobacco is an addictive product that leaves physical, psychological, 
emotional and habitual withdrawal symptoms following the cessation of its use.42 Physical 
withdrawals can last from a few days to a few weeks,43 while the psychological, emotional and 
habitual loss can last much longer. This can be particularly true for heavy smokers and older 
smokers, for whom smoking comprises a significant amount of their lives and withdrawal can be 
particularly intense and persistent.44,45 Thus, the consumption motivations of former smokers are 
likely to be different than the motivations of a consumer receiving a tax rebate, annual bonus or 
salary increase – or those of consumers that reduce their purchase of a non-addictive good. In 
addition, it is not clear whether smokers perceive cessation as a permanent or temporary change 
in household finances. Although smokers commonly quit with the intention to make a permanent 
behavior change, relapse is very common, and most smokers make multiple quit attempts before 
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succeeding.46 Smokers may wait until they have achieved a certain level of confidence in their 
cessation before changing their spending patterns. Lastly, the effects of tobacco price on other 
expenditures may not generalize to the effects of tobacco cessation. Price is an external 
motivator for change, and prior research has found that smokers that are externally motivated to 
quit for financial reasons have lower tobacco treatment adherence and abstinence rates.47 Indeed, 
tobacco price can yield its effects on tobacco demand by reducing the uptake of smoking among 
non-smokers and by the amount of tobacco consumed by current smokers (to maintain the 
original tobacco budget), rather than by increasing successful quit attempts among current 
smokers.48,49 Additional research is needed to understand the income effects of tobacco 
cessation. 
1.6 Tobacco Use often Occurs with other Unhealthy Behaviors 
The relationship between tobacco cessation and spending on other goods likely extends 
beyond the monetary relationships described above. Health-related behaviors often occur and 
change together to synergistically impact morbidity and mortality. Three such behaviors are 
tobacco use, alcohol use, and eating. In the U.S., smokers are four times more likely to be 
dependent on alcohol than non-smokers, and persons dependent on alcohol are three times more 
likely to smoke than the general population.50 This relationship appears to have neurobiological, 
social and environmental mechanisms. For example, consuming tobacco and alcohol at the same 
time can enhance the pleasure derived from each substance, and there is evidence of cross-
tolerance between tobacco and alcohol.51-53 Moreover, in some populations, such as young non-
dependent or non-daily smokers, tobacco use is more likely to occur or to be prolonged during 
the consumption of alcohol in social settings.54   
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A negative relationship between smoking and body weight has been found in prior 
research, such that smokers weigh less on average than never smokers and former smokers.55 
The hypothesized mechanisms of the relationship between tobacco and weight include the ability 
of smoking and nicotine to initiate metabolic changes that induce weight loss or prevent weight 
gain,55 blunted neural responses to food cues in smokers,56 and differences in eating patterns and 
dietary composition between smokers and non-smokers.57,58  
 The above relationships suggest that quitting smoking may produce unintended health 
effects by modifying alcohol use, eating patterns and body weight, independent of what one 
would predict from the discretionary income change described in the Section 1.5 above.59 
Indeed, research with participants who have a pre-existing drinking problem finds that tobacco 
cessation is associated with reduced alcohol consumption and improved prevention of relapse to 
an alcohol use disorder.60 While studies testing these associations in non-clinical populations 
have been limited, existing evidence suggests that smoking cessation can lead to reductions in 
alcohol consumption.61 Additional population-based research has found negative associations 
between alcohol intake and the implementation of indoor smoking bans and cigarette price 
increases.62 However, tobacco policy research has not assessed for the effects of cessation 
specifically and often focuses on problem drinking outcomes. Moreover, few tobacco control 
studies distinguish between drinkers and non-drinkers at follow-up, despite evidence that effect 
of tobacco cessation on alcohol use may depend on whether one models drinking participation or 
alcohol consumption levels as the dependent variable.63  
 With respect to tobacco and eating, tobacco control policies and quitting smoking may 
lead to changes in food intake and increases in weight.64-68 At the population-level, Chou, 
Grossman and Safer found that cigarette price increases and the presence of clean air laws were 
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associated with an increased prevalence of obesity in the U.S.64 At the individual-level, Picone 
and Sloan found that quitting smoking was associated with an increase in body mass index 
(BMI) and the increase in weight was larger with longer periods of smoking abstinence.61 
Laboratory-based research and data from clinical trials find that post-cessation weight gain may 
be due to changes in energy and macronutrient intake, as well as the ability of food to dampen 
cigarette cravings in the post-quit period.57,69 However, laboratory research and data derived 
from clinical trial participants may not generalize outside of these controlled environments. In 
addition, much research on this topic has relied on annual or bi-annual surveys, which may not 
capture the dynamic relationship between cessation and eating. For example, weight gain in the 
first three months of quitting that returns to normal within six months would not be captured by 
an annual survey. An annual survey would also likely miss rapid relapse back to smoking in 
response to short-term weight gain following a quit attempt. Additional, population-based 
research with more frequent data collection is needed to enhance our understanding of how 
tobacco cessation affects food consumption. 
1.7 Summary and Gaps in the Current Literature 
 Tobacco use can yield serious health and financial consequences to smokers, their 
households and society. Tobacco use is also highly related to other health-related behaviors, 
including alcohol misuse and eating. Quitting smoking may produce unintended effects on 
household finances and other health-related behaviors, yet there are major gaps in the literature 
examining the economic and behavioral effects of tobacco cessation. There have been no 
longitudinal studies examining changes in household expenditure patterns following the 
cessation of tobacco use, leaving the relationship between tobacco spending and spending on 
other goods poorly understood. There has also been limited population-based, longitudinal 
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research examining the effects of tobacco cessation on alcohol and food intake, and highly 
conflicted findings in the existing literature suggest that the relationships between tobacco, 
alcohol and food are complex and heterogeneous. Advancing our understanding of these 
relationships will assist the public health community: (1) fully capture the benefits and costs of 
tobacco cessation and of tobacco use interventions or policies, (2) help former tobacco users 
make health-promoting financial choices after quitting tobacco and (3) leverage the 
complementary and substitutive nature of many behaviors to develop comprehensive behavior 
change policies and interventions.  
1.8 Overview of the Dissertation 
 To address the above research needs, the proposed dissertation was conducted to achieve 
the following specific aims: 
1.8.a Specific Aims  
Aim 1: Estimate the effects of short-term, long-term and relapsed tobacco cessation on household 
savings and dollars spent on alcohol, food (at home and away), housing, transportation, 
health care, entertainment, and other goods or services among U.S. households. 
Aim 2: Estimate the effects of short-term, long-term and relapsed tobacco cessation on the 
budget share of eight expenditure categories (alcohol, food, housing, transportation, 
health care, entertainment, other) among U.S. households. 
Aim 3: Use mixture modeling to identify latent heterogeneity in the effects of short-term, long-
term and relapsed tobacco cessation on spending on alcohol and food among U.S. 
households.  
 Sub-Aim 3.1: Identify household characteristics associated with membership in the latent 




 The dissertation introduces four primary innovations to the literature. First, the 
dissertation represents the first longitudinal analysis of the relationship between tobacco 
cessation and household spending on other goods. Prior research examining the relationship 
between tobacco consumption and the household budget has been cross-sectional or has 
examined the relationship between tobacco policies (e.g., price, smoking bans) and household 
spending. 
 Second, this dissertation represents one of the few studies to use expenditure data to 
analyze the relationship between tobacco cessation and the consumption of food and alcohol. 
Using expenditure data allows for a more direct investigation into tobacco cessation as a change 
in discretionary income. In addition, using expenditure data allows for the production of 
financial effect estimates that can inform future cost-effectiveness, cost-benefit, and economic 
impact investigations of tobacco control policies or interventions. Lastly, using expenditure data 
allows for investigation into a novel mechanism of the relationship between tobacco and body 
weight found in the literature – a change in spending on food.  
 Third, this dissertation is one of the few household-level analyses of the effect of tobacco 
cessation on the consumption of alcohol and food. Prior longitudinal research examining the 
relationship between tobacco cessation, alcohol intake and food consumption or body weight has 
used state-level or individual-level data. Analyzing household effects informs behavioral theories 
of the household and advances our understanding of how tobacco interventions and policies may 
impact not only smokers but the members of their households.  
 Fourth, this dissertation is the first to use mixture modeling to identify latent sub-groups 
of households with heterogeneous alcohol and food expenditure patterns following tobacco 
10 
 
cessation and to identify factors associated with membership in the latent patterns of 
consumption. The existing literature examining the relationship between tobacco cessation, 
alcohol and food intake has either used pooled data (thus, missing potential heterogeneity all 
together) or has used stratification and moderator analysis methods, which only allow for 
contrasts of observed variables (e.g., comparing males vs. females).  
1.8.c Methods Overview 
The three aims of the dissertation were accomplished with a retrospective longitudinal 
cohort design. The primary data source for the dissertation was the Consumer Expenditure 
Survey (CES) conducted by the U.S. Bureau of Labor Statistics (BLS) and the U.S. Census 
Bureau.70 The CES is comprised of two surveys, a quarterly interview recall survey and an 
intensive two-week diary survey, that collect detailed information about the income, out-of-
pocket expenditures and sociodemographic characteristics of non-institutionalized individuals 
and their households in the U.S. The current study used the quarterly interview survey data only.  
CES participants are recruited and enrolled on a quarterly basis, and each quarterly wave 
contains an independent sample of approximately 7,000 households. A single household 
respondent per household completes five in-person interviews at their home. The interviews last 
approximately one hour and take place three months apart. Interview 1 captures detailed 
descriptive information about the household reference person (defined as the first member 
mentioned by the respondent when asked to "start with the name of the person or one of the 
persons who owns or rents the home”) and his or her household (e.g., household size and 
composition, location, and demographics of the household reference person), and detailed 
information about the household’s income and other assets. Interviews 2 through 5 capture 
detailed data on household, composition, income and expenditures in the prior three months. 
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Households are not reimbursed or incentivized for participating. For the dissertation, records 
from the 2006-2012 CES datasets were combined to achieve sufficient sample size and to 
increase generalizability of study findings over time. Household response rates (defined as the 
percent of eligible households that are interviewed) to the CES ranged from 70% to 76% during 
the study years of 2006-2012.71  
The dissertation aimed to understand the effect of tobacco cessation on expenditure 
patterns of households in the U.S. and therefore included only those households reporting 
positive tobacco expenditures during the first CES quarter (i.e., smoking households). As shown 
in Figure 1.1, the national prevalence of tobacco use captured by the CES compares to that 
captured by the National Health Interview Survey (NHIS) used by the Centers for Disease 
Control and Prevention to monitor adult smoking trends in the U.S.7 Four percent of smoking 
households were excluded from the study sample for having missing data, negative income, or 
negative spending in any category (which was assumed to be reporting error). There were no 
significant differences between included and excluded smoking households in the average age 
(49.35 vs. 49.14 years; t=-0.27, p=0.79), gender (46.9% vs. 51.2% female; χ2=2.41, p=0.12) or 
race (85.6% vs. 83.2% white; χ2=7.02, p=0.22) of the household reference person. There were 
also no significant difference between included and excluded households in average household 
size (2.66 vs. 2.63 persons; t=-0.32, p=0.75) or income ($43,074.20 vs. $46,091.40; t=1.03, 
p=0.30). The final sample for the dissertation was comprised of 6,739 households with complete 
data.  
 CES data were supplemented with data from the BLS’s Local Area Unemployment 
Statistics (LAUS) program.72 The LAUS program produces monthly estimates of total 
employment and unemployment for approximately 7,300 geographic areas in the U.S.  The 
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LAUS was used to obtain state-level quarterly unemployment rates that served as a control 
variable in analytic models. 
 Table 1.1 provides an overview of the variables used in the dissertation and their 
definitions. The primary independent variable described the tobacco cessation status of each 
household at Interview 5. Households were assigned one of four cessation statuses: (1) long-term 
cessation; (2) recent cessation; (3) relapsed cessation; or (4) no cessation. Dependent variables 
were assessed at Interview 5 and varied by study aim. Aim 1 examined the effect of tobacco 
cessation on fourth quarter savings and dollars spent on eight expenditure categories. Aim 2 
examined the effect of tobacco cessation on the fourth quarter budget share of eight expenditure 
categories. Aim 3 examined latent heterogeneity in dollars spent on alcohol and food (at home 
and away from home).  
1.8.d Theoretical Framework 
The dissertation was guided by the economic theory of rational addiction,73 which 
expands classic utility theory and consumer choice theory to account for the addictive properties 
of some goods. The theory of rational addiction assumes that consumers seek to maximize their 
utility over the lifetime, where utility is defined as:  
𝑈(𝑡) = 𝐹[𝐶(𝑡),𝐶(𝑡 − 1),𝑋(𝑡)] 
such that: 𝐶(𝑡) is current consumption of an addictive good, 𝐶(𝑡 − 1) is past consumption of the 
addictive good, and 𝑋(𝑡) is the current consumption of all other goods. Here the theory 
incorporates the concept of adjacent complementarity (i.e., past consumption informs current 




The theory further assumes that consumers are forward-looking and spend within a 
budget constraint, such that the primary determinants of the consumption of an addictive good 
are:                              
𝐶(𝑡) = 𝐹[𝑃(𝑡),𝐶(𝑡 − 1),𝐶(𝑡 + 1),𝑋(𝑡),𝑌(𝑡),𝑍(𝑡)] 
where: 𝑃(𝑡) is the current price of the addictive good, 𝐶(𝑡 − 1) is past consumption of the 
addictive good, 𝐶(𝑡 + 1) is anticipated future consumption of the addictive good, 𝑋(𝑡) is the 
consumption of all other goods, 𝑌(𝑡) is current income, and 𝑍(𝑡) reflects preferences. Here the 
price of an addictive good can include not only the monetary purchase price but the opportunity 
costs and negative health or social effects of continued use. This specification of the theory 
implies that addictive substance users take anticipated future consumption (as influenced by 
anticipated future benefits and costs of consumption) into account when determining whether to 
use in the present, which is supported by prior research.74,75  
The theory of rational addiction has been adapted in prior literature to incorporate 
multiple addictive consumption patterns, such as comorbid smoking and alcohol misuse.76,77 In 
such an adapted theory, the utility of an individual consuming two addictive goods i and j would 
be defined as:  
𝑈(𝑡) = 𝐹[𝐶𝑖(𝑡),𝐶𝑖(𝑡 − 1),𝐶𝑗(𝑡),𝐶𝑗(𝑡 − 1),𝑋(𝑡)] 
where 𝐶𝑖(𝑡) and 𝐶𝑖(𝑡) are the current consumption of the two addictive goods, 𝐶𝑖(𝑡 − 1) and 
𝐶𝑗(𝑡 − 1) are past consumption of the addictive goods, and 𝑋(𝑡) is the current consumption of 
non-addictive goods. In models of rational co-addictions, the current and past consumption of 
each addictive good is identified as a distinct mechanism of utility and separate from a bundle of 
non-addictive goods. Similarly, in an individual consuming two addictive goods (i and j), 
consumption can be conceptualized as:  
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𝐶(𝑡) = 𝐹[𝑃𝑖(𝑡),𝐶𝑖(𝑡 − 1),𝐶𝑖(𝑡 + 1),𝑃𝑗(𝑡),𝐶𝑗(𝑡 − 1),𝐶𝑗(𝑡 + 1),𝑋(𝑡),𝑌(𝑡),𝑍(𝑡)] 
Here the theory incorporates the interdependence of multiple addictions, such that the 
consumption of addictive good i depends in-part on the current and past consumption of 
addictive good j (e.g., cross-reinforcement of tobacco and alcohol found in prior research41). 
Lastly, the theory of rational addiction assumes that the marginal utility of consuming an 
addictive good is always positive but its magnitude depends on one’s stock of past consumption 
(level of addiction). This specification aligns with three characteristics of the clinical definition 
of addiction: tolerance, withdrawal and reinforcement.78 Tolerance means that higher levels of 
past consumption make a specific level of current consumption less satisfying. Withdrawal 
means that addicted individuals feel worse when they stop consuming the good. Reinforcement 
means that the greater the stock of past consumption, the greater the satisfaction one feels from 
consuming an extra unit of the addictive good. Due to the phenomena of tolerance, withdrawal 
and reinforcement, persons who consume addictive goods will find it difficult to maintain or 
reduce consumption of an addictive good and must either cease all use or increase use to 
maximize utility. 
The theory of rational addiction leads to several predictions relevant to the dissertation. 
First, when the consumption of an addictive good such as tobacco ends, an individual will 
experience both an increase in discretionary income and a decrease in utility. The increase in 
income eases the budget constraint and allows individuals to increase consumption of other 
goods. The utility deficit motivates individuals to increase consumption of substitute goods. 
Second, the higher the level of past consumption, the greater the utility deficit upon cessation 
and the greater the motivation to consume substitute goods and decrease consumption of 
complementary goods. Third, as individuals sustain abstinence from an addictive good over time, 
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their level of addiction (past consumption) declines and their motivation to consume substitute 
goods declines while their discretionary income for other goods increases. 
Theoretical Considerations of the Household 
 The theories discussed in the prior section are theories of individual agency. As such, 
they are designed to predict the behavior of a single consumer making individual consumption 
decisions. In contrast, the dissertation sought to understand the behavior of households – many of 
which are comprised of multiple individuals. There are several approaches in the literature for 
conceptualizing household consumer behavior.79,80 One approach assumes that households 
behave in the aggregate as a single consumer, wherein income is pooled and consumption 
decisions are made jointly (or by a single head of household) to maximize the utility of all 
members. This approach assumes a single utility function and a single consumption function for 
the household and is often referred to as the unitary household model. The unitary household 
model is simple and convenient, but not often supported by empirical evidence of household 
behavior.80,81  
 A second approach – often labeled the collective household model – attempts to model 
the individual preferences and consumption of different members within the household.79,80,82 
This approach recognizes the realities of conflict, social decision rules, gender imbalance, 
decision inequalities and non-altruistic behavior that exist within households.81 Moreover, the 
collective approach recognizes two types of household consumption: cooperative (wherein 
consumption decisions are bargained between members) and non-cooperative (wherein 
household members participate in separate economies or decisions for the entire household are 
made dictatorially by a single member).  
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The dataset used for the dissertation (the U.S. Consumer Expenditure Survey) precluded 
use of collective household modeling, because several important variables, including income and 
spending, were at the level of the household. However, the unitary models employed in the 
dissertation included variables informed by collective household research as predictive of 
spending decisions, including household size, and the gender and marital status of the household 
reference person.  
1.8.e Hypotheses 
Guided by prior literature and the theoretical framework described above, the dissertation 
had the following hypotheses for each Aim: 
Aim 1: Estimate the effects of short-term, long-term and relapsed tobacco cessation on 
household savings and on dollars spent on alcohol, food (at home and away), 
housing, transportation, health care, entertainment, and other goods or services 
among U.S. households. 
 Hypotheses: 
(1) Tobacco cessation will not be associated with household savings. 
(2) Tobacco cessation will be associated with a significant increase in short-term 
but not long-term spending on food at home and food away from home. 
(3) Tobacco cessation will be associated with a significant increase in both short-
term and long-term alcohol abstinence.  
(4) Among households consuming alcohol at follow-up, tobacco cessation will be 




(5) Tobacco cessation will be associated with a significant increase in long-term, 
but not short-term, increase in spending on housing, transportation, health care, 
entertainment and other goods. 
 
Aim 2: Estimate the effects of short-term, long-term and relapsed tobacco cessation on the 
budget share of eight expenditure categories (alcohol, food, housing, transportation, 
health care, entertainment, other) among U.S. households. 
 Hypotheses: 
(1) Tobacco cessation will be associated with short-term but not long-term 
increases in the budget share of food. 
(2) Tobacco cessation will be associated with a significant decrease in both short-
term and long-term budget share of alcohol. 
(3) Tobacco cessation will be associated with long-term but not short-term 
increases in the budget share of housing, transportation, health care, 
entertainment and other goods.  
 
Aim 3:  Use mixture modeling to identify latent heterogeneity in the effects of short-term, 
long-term and relapsed tobacco cessation on alcohol and food among households 
in the US. 
 Hypotheses: 
(1) There will be two latent subgroups of change in spending on food after tobacco 
cessation: an increase in spending or no change in spending. 
18 
 
(2) There will be two latent subgroups of changes in spending on alcohol after 
tobacco cessation: zero spending or an increase in spending. 
 
Sub-Aim 3.1: Identify household characteristics associated with membership in 
the latent subgroup effects of tobacco cessation on household spending. 
Hypothesis: 
(1) The following variables will be predictive of membership in the latent 
subgroups of spending on food and alcohol following tobacco cessation: past 
tobacco spending, past alcohol spending, gender of the household head, marital 
status of household head, number of household members, and household low-
income status. 
1.8.f Organization of the Dissertation 
The dissertation is comprised of five chapters, including this introductory Chapter 1. 
Chapter 2 describes the baseline demographic characteristics and expenditures of the study 
sample. It also describes the relationship between tobacco cessation and dollars spent on alcohol, 
food at home, food away from home, housing, transportation, health care, entertainment, and 
other goods (Aim 1). Chapter 3 describes the relationship between tobacco cessation and the 
budget shares of the eight expenditure categories of interest (Aim 2). Chapter 4 describes an 
exploration of latent heterogeneity in the relationship between tobacco cessation and dollars 
spent on alcohol, food at home and food away from home using finite mixture modeling (Aim 3). 
Chapter 5 summarizes and synthesizes the findings from Chapters 2 – 4, discusses the public 




Figure 1.1: The Prevalence of Tobacco Use from 2006 to 2012, Data from the Consumer 
Expenditure Survey (CES) and the National Health Interview Survey (NHIS)7 
 
 














Table 1.1. Study Variables and Definitions 




Long-term quit Dummy: 1= positive tobacco spending in Q1 and 6-9 months of zero tobacco spending through Q4 
Recent quit Dummy: 1= positive tobacco spending in Q1 – Q3; zero tobacco spending Q4 
Relapsed quit Dummy: 1= positive tobacco spending in Q1 and Q4; zero tobacco spending in Q2 and/or Q3 
No quit Dummy: 1= positive tobacco spending from Q1 – Q4 
Dependent 
Variables Aim 1: Q4 dollars spent in eight expenditure 
categories 
Continuous: Q4 dollars  
 
Aim 1: Change in 
checking and savings 
account compared to 12 
months prior.  
Multinomial: More, Less, the Same  
Aim 2: Expenditure 
budget share at Q4 for 
eight categories 
Fraction: Q4 category expenditures / Q4 total 
expenditures 
Aim 3: Q4 dollars spent 
on alcohol, food at home 
and food away from 
home   






Continuous for Aim 1: Q1 dollars  
Fraction for Aim 2: Q4 category expenditures / Q4 
total expenditures 
Reference person age  Continuous: 18 – 99  
Reference person gender Dummy: 1 = Female  
Reference person race Dummies: White, Black, Native American, Asian, Pacific Islander, and Multi-race 
Reference person 
marital status Dummies: Married, single, divorced, widowed 
Household size Count: Number of persons in the household 
Income change  Q4 income - Q1 income 
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Increase in household 
size Dummy: 1 = Q4 size > Q1 size 
Decrease in household 
size Dummy: 1 = Q4 size < Q1 size 
No change in household 
size Dummy: 1 = Q4 size = Q1 size 
Decrease in earners Dummy: 1 = Q4 earners < Q1 earners 
State Fifty dummies (0/1) indicating the state in which the 
household resided. 
State level 
unemployment rate Proportion 
Study entry year 
Seven dummies (0/1) indicating the calendar year in 
which the household entered into the study (2006 – 
2012) 
 
Study entry month 
Twelve dummies (0/1) indicating the calendar 
month in which the household entered into the study 
(January – December) 














Tobacco Cessation and Household Spending on Other Goods 
 
2.1 Introduction 
Over 25% of adults in the U.S. use tobacco products, contributing to over 480,000 
preventable deaths per year.7,15 The financial costs of tobacco use are often thought to be 
restricted to its indirect effects on increasing health care utilization and decreasing productivity 
(totaling $300 billion annually in the U.S.). However, spending on tobacco products generates 
immediate opportunity costs to smokers and their households through the use of funds that could 
otherwise be spent on other goods and services. On average, smoking households in the U.S. 
spend almost $1100 per year on tobacco,21 yet there has been no prior research assessing how 
smokers spend their cigarette money after quitting.  
Some existing research suggests that spending on tobacco products crowds-out other 
expenditures. In the U.S., approximately 7.4% of all smokers – and 11.8% of those with low 
income – report recent smoking-induced deprivation (or the inability to purchase household 
essentials because money was spent cigarettes).22,83 Cross-sectional expenditure data show that in 
the U.S., spending on tobacco is associated with reduced spending on housing and clothing, 
while research not using expenditure data finds that smoking is associated with increased 
likelihood of food insecurity.23-25 Research outside the U.S. has also found that household 
tobacco use is associated with lower spending on healthy food, education, transportation and 
health care.21,26,32 Although concerning, these associations between tobacco spending and other 
expenditures identified in this line of cross-sectional research do not necessarily reflect tobacco-
induced expenditure restrictions that would be eliminated with the cessation of tobacco use. 
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These patterns may simply reflect the needs and preferences of smokers that would remain in 
absence of tobacco use. Additional longitudinal research is needed to understand how smokers 
change their spending on non-tobacco goods following the cessation of tobacco use. 
The association between tobacco spending and spending on other goods may extend 
beyond a monetary relationship. A large amount of research from the medical and behavioral 
sciences has found that health-related behaviors often occur and change together. In the U.S., 
smokers are four times more likely to be dependent on alcohol than non-smokers, and this 
relationship has neurobiological, social and environmental mechanisms.50-54 Conversely, prior 
research has identified a negative relationship between smoking and body weight – the 
mechanisms of which include differences in eating patterns and dietary composition between 
smokers and non-smokers.55,57 Thus, quitting smoking may distinctly affect the consumption of 
alcohol and food, independent of what one would predict from the change in discretionary 
income that occurs after cessation of tobacco spending.57,64-66,69 60,62  
However, several gaps remain in the literature examining the relationship between 
tobacco cessation and the consumption of alcohol and food. Most data have been collected in the 
context of clinical trials and laboratory-based research, which may not generalize to the 
population level. In addition, most population-based alcohol research has examined the effects of 
tobacco policy (not cessation specifically), has focused on problem drinking outcomes and has 
not distinguished between drinkers and non-drinkers at follow-up.63 Lastly – and most 
importantly for this paper – no studies have examined the relationship between tobacco cessation 
and spending on alcohol or food. Therefore, it is unknown whether the behavioral changes that 
take place after quitting smoking occur as expenditure changes as well. 
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To address the gaps in the literature described in the prior paragraphs, the current study 
was designed to estimate the relationships between long-term, short-term, and relapsed tobacco 
cessation on household savings and on dollars spent on alcohol, food (at home and away), 
housing, transportation, health care, entertainment, and other goods among U.S. households.  
2.2 Methods 
2.2.a  Data  
As described in Chapter 1, the primary data source for the study was the quarterly 
interview portion of the Consumer Expenditure Survey (CES) conducted by the U.S. Bureau of 
Labor Statistics (BLS) and the U.S. Census Bureau. Through five interviews conducted three 
months apart, the CES captures detailed expenditure and income data for four quarters (12 
months), as well as descriptive information about the household reference person and his or her 
household. Data from the 2006-2012 CES datasets were combined to achieve sufficient sample 
size and to increase generalizability of findings across time. CES data were supplemented with 
data from the BLS’s Local Area Unemployment Statistics program to obtain quarterly, state-
level unemployment rates that served as a control variable in analytic models.72  
2.2.b Participants 
The study’s cohort comprised households reporting positive tobacco spending during the 
first study quarter (i.e., tobacco consuming households). Four percent of smoking households 
were excluded for having missing data, negative income, or negative spending in any category 
(which was assumed to be reporting or data entry error). There were no significant differences 
between included and excluded smoking households in the average age (t=-0.27, p=0.79), gender 
(χ 2=2.41, p=0.12) or race (χ 2=7.02, p=0.22) of the household reference person or in the average 
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household size (t=-0.32, p=0.75) and income (t=1.03, p=0.30). The final sample was comprised 
of 6,739 households with complete data. 
2.2.c Variables  
Independent Variable: The primary independent variable classified the presence and 
length of tobacco cessation in each household at the final CES interview. Households were 
categorized with one of four cessation statuses: (1) recent cessation, (2) long-term cessation, (3) 
relapsed cessation, or (4) no cessation. Recent cessation was defined to align with 
recommendations from the Society for Research on Nicotine and Tobacco (SRNT) for the 
measurement of short-term abstinence, wherein households were categorized with a recent quit if 
they had cessation of tobacco spending beginning and continuing for their last three months in 
the survey (i.e., the fourth quarter of their study participation).84 Consistent with SNRT 
recommendations, long-term cessation was defined as continuous cessation of tobacco spending 
for ≥6 months through the fourth quarter of a household’s study participation.84 Relapse was 
defined as the cessation of tobacco spending during the second and/or third quarters with a 
resumption of tobacco spending in the fourth quarter of their study participation. No cessation 
was defined as positive tobacco spending during all four study quarters. 
Dependent Variables: The study had three dependent variables. The first was fourth 
quarter dollars spent in eight expenditure categories: alcohol, food (at home and away), housing, 
transportation, health care, entertainment, and other. Figure 2.1 shows histograms of the raw 
fourth quarter expenditure data in each category. As is common with financial data, the raw data 
were heavily right-skewed, so I conducted an inverse hyperbolic sine (IHS) transformation of the 
raw expenditure data. IHS transformation was chosen over log transformation, because it allows 
for the inclusion of zeros.85 The second and third dependent variables were multinomial variables 
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collected during the fifth interview indicating whether the reference person reported that the 
amount the household had in their savings and checking accounts was more, less or the same 
compared to 12 months ago. 
Other Explanatory Variables: Guided by prior literature and the theoretical framework 
described in Chapter 1, additional variables were included in all models that may explain 
spending. These variables included: IHS-transformed first quarter dollars spent in the category, 
reference person age (continuous),86,87 reference person gender dummy (1 = female),86,88-90 
reference person race dummies (White, Black, Native American, Asian, Pacific Islander, Multi-
race),91,92 reference person marital status dummies (married, single, divorced, widowed),93 
household pre-tax income (continuous),90 and household size (count). I also included variables 
that could confound the relationship between tobacco cessation and a change in spending on non-
tobacco goods. These included a change in household size from the first to fourth quarter 
(dummies for an increase, decrease, or no change), change in household pre-tax income from the 
first to fourth quarter, and a dummy for a decrease in number of household earners from the first 
to fourth quarters (an indicator for household job loss, which is associated with changes in 
tobacco use and drinking behavior94-96). I also included survey month dummies to account for 
seasonal variations in spending, such as reduced tobacco consumption in the winter months.97 
Lastly, I included a state dummies, survey year dummies, and change in state-level 
unemployment rate during the study (dummies for an increase, decrease, or no change) to help 
control for policy, economic, or regional conditions that may have varied along the primary 





2.2.e Analytic Approach 
Analyses were conducted using STATA Version 14. Descriptive statistics were first 
calculated to summarize the study sample (means and standard deviations for continuous 
variables; proportions for categorical variables). Analysis of variance and chi-square analyses 
were used to compare study groups at baseline on the explanatory variables described above. 
The inferential analysis approach assumed that households maximize the utility of its 
members through the consumption of goods and spend within a budget constrained by income. 
The following generalized linear model was employed to examine the association between 
tobacco cessation and fourth quarter expenditures: 
(1) sinh−1(𝐶𝑖𝑗𝑡) =  𝛽1𝑅𝑄𝑗𝑡  +  𝛽2𝐿𝑄𝑗𝑡 +  𝛽3𝑅𝑒𝑙𝑗𝑡 + sinh−1(𝐶𝑖𝑗𝑡−1) + 𝑌𝑗𝑡 + 𝐹𝑆𝑗𝑡 +  ∆𝑌𝑗𝑡 + ∆𝐹𝑆𝑗𝑡 + ∆𝑈𝑛𝑒𝑚𝑝𝑗𝑡 + 𝐸𝑎𝑟𝑛𝑗𝑡 + 𝑌𝑒𝑎𝑟𝑗𝑡−1 +  𝑅𝑎𝑐𝑒𝑗𝑡−1 + 𝐴𝑔𝑒𝑗𝑡−1 +
𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1 + 𝐺𝑒𝑛𝑑𝑒𝑟𝑗 + 𝑆𝑡𝑎𝑡𝑒𝑗 + 𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1 + 𝜀𝑗  
where sinh−1(𝐶𝑖𝑗𝑡) is the IHS-transformed dollars spent on good i by household j during the 
fourth quarter (time t). 𝑅𝑄𝑗𝑡 was a binary indicator that household j ceased tobacco spending for 
the 3 months of the fourth quarter (i.e., recent quit), 𝐿𝑄𝑗𝑡 was a binary indicator that household j 
ceased tobacco spending for 6-9 months through the fourth quarter (i.e., a long-term quit) and 
𝑅𝑒𝑙𝑗𝑡 was a binary indicator that household j ceased tobacco spending for at least one quarter but 
resumed spending in the fourth quarter (i.e., a relapsed quit). The reference group for these three 
variables was a binary indicator that household j had continuous tobacco spending between the 
first and fourth quarters (i.e., no quit). The model included the IHS-transformed dollars spent on 
good i by household j during the first quarter (𝐶𝑖𝑗𝑡−1) to control for baseline spending, as well as 
pre-tax income (𝑌𝑗𝑡) and family size (𝐹𝑆𝑗𝑡). The model also included variables that could 
confound the relationship between tobacco cessation and a change in spending on other goods 
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from the first to fourth quarters: (1) a change in household income between the first and fourth 
quarters (∆𝑌𝑗𝑡), (2) a change in family size between the first and fourth quarters (∆𝐹𝑆𝑗𝑡), (3) a 
change in state-level unemployment rates between the first and fourth quarters (∆𝑈𝑛𝑒𝑚𝑝𝑗𝑡), and 
(4) a decrease in earners from the first to four quarters which served as an indicator of household 
job loss (𝐸𝑎𝑟𝑛𝑗𝑡). Lastly, dummies for the year and month in which a household began CES 
participation (𝑌𝑒𝑎𝑟𝑗𝑡−1,𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1) were included to account for consumption trends across over 
time, as well as characteristics of the household head (𝑅𝑎𝑐𝑒,𝑀𝑎𝑟𝑖𝑡𝑎𝑙 𝑆𝑡𝑎𝑡𝑢𝑠 𝑎𝑛𝑑 𝐴𝑔𝑒) and the 
state in which households resided (𝑆𝑡𝑎𝑡𝑒𝑗).  
As shown in Figure 2.3, over 15% of households reported zero spending in three 
categories (alcohol, food away from home, and health care). IHS transformation of the outcome 
data retained zeros and allowed for the analysis of the full sample in a single model. However, 
the fact that a sizeable proportion of households were not spending at all on alcohol, food away 
from home or health care introduced additional questions about the nature of the relationship 
between tobacco cessation and spending in these three categories. Namely, does tobacco 
cessation affect both the likelihood of any spending and the amount of spending? To further 
characterize these relationships, two methods were employed. First, a two-part model was 
estimated to separately and independently identify the relationships between tobacco and: 1) the 
probability of any spending in the category and 2) the amount of spending among households 
with positive spending. Probit regression was used to estimate the relationship between tobacco 
cessation and the probability of having non-zero expenditures on good i by household j during 
the fourth quarter, such that:  
(2) 𝑃(𝐶𝑖𝑗𝑡 > 0) =  𝛽1𝑅𝑄𝑗𝑡  + 𝛽2𝐿𝑄𝑗𝑡 +  𝛽3𝑅𝑒𝑙𝑗𝑡 +  𝐶𝑗𝑡−1 + 𝑌𝑗𝑡 + 𝐹𝑆𝑗𝑡 +  ∆𝑌𝑗𝑡 +  ∆𝐹𝑆𝑗𝑡 +
∆𝑈𝑛𝑒𝑚𝑝𝑗𝑡 + ∆𝐸𝑎𝑟𝑛𝑗𝑡 +  𝑌𝑒𝑎𝑟𝑗𝑡−1 +  𝑅𝑎𝑐𝑒𝑗𝑡−1 + 𝐴𝑔𝑒𝑗𝑡−1 +
𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1 +𝐺𝑒𝑛𝑑𝑒𝑟𝑗𝑡−1 +  𝑆𝑡𝑎𝑡𝑒𝑗 + 𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1 +  𝜀𝑗 
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The relationship between tobacco cessation and the amount of spending was then estimated 
using equation (1) on the previous page, restricting the sample to only those households with 
positive spending in the category (𝐶𝑖𝑗𝑡 > 0).  
Two-part models are recommended when the goal is to assess actual expenditures in a 
subpopulation of interest (e.g., households with positive spending),98,99 but they do not address 
the potential that selection into the subpopulation was determined through non-random 
mechanisms with respect to the independent and dependent variables. Thus, causal inference of 
the relationship between cessation and consumption is challenging with two-part models. To 
correct for this potential bias, a Heckman selection model using maximum likelihood estimation 
was employed.100 The sample selection model jointly estimated two equations similar to the two-
step probit (2) and generalized linear (1) models described above. Race has been shown to be 
significantly related to participation in alcohol use, eating away from home, and health care 
spending in prior research.101,102 In the current sample, bivariate analyses showed that black race 
was associated with 11 percentage points lower probability of having any spending on alcohol or 
health care (p<.01) and 13 percentage points lower probability of spending on food away from 
home (p<.01). Therefore, for the selection model employed in the current analysis, reference 
person race (black vs. non-black) was entered as an overidentifying variable in the probit model 
excluded from the expenditure model. The inverse mills ratio calculated from the probit model 
was entered it into the expenditure equation to serve as the instrument for selection into the 
subsample of households with non-zero spending in the given category. Thus, the Heckman 
model allowed for the estimation of the relationship between tobacco cessation and spending 
among households with any spending, correcting for unobserved variables that affect the 
probability of having positive spending and the amount of spending.  
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 Lastly, multinomial logistic regression was used to examine the relationship between 
tobacco cessation and whether the household reported having more, less, or the same in their 
checking or savings accounts compared to 12 months prior using the following models:   
(3) 𝑃(𝑀𝑜𝑟𝑒𝑖𝑗𝑡 = 1) =  𝛽1𝑅𝑄𝑗𝑡  +  𝛽2𝐿𝑄𝑗𝑡 +  𝛽3𝑅𝑒𝑙𝑗𝑡 +  𝐶𝑗𝑡−1 + 𝑌𝑗𝑡 + 𝐹𝑆𝑗𝑡 +  ∆𝑌𝑗𝑡 + ∆𝐹𝑆𝑗𝑡 + ∆𝑈𝑛𝑒𝑚𝑝𝑗𝑡 + ∆𝐸𝑎𝑟𝑛𝑗𝑡 +  𝑌𝑒𝑎𝑟𝑗𝑡−1 +  𝑅𝑎𝑐𝑒𝑗𝑡−1 + 𝐴𝑔𝑒𝑗𝑡−1 + 𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1 + 𝐺𝑒𝑛𝑑𝑒𝑟𝑗𝑡−1 + 𝑆𝑡𝑎𝑡𝑒𝑗𝑡 + 𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1 +  𝜀𝑗 
(4) 𝑃(𝐿𝑒𝑠𝑠𝑖𝑗𝑡 = 1) =  𝛽1𝑅𝑄𝑗𝑡  +  𝛽2𝐿𝑄𝑗𝑡 +  𝛽3𝑅𝑒𝑙𝑗𝑡 +  𝐶𝑗𝑡−1 + 𝑌𝑗𝑡 + 𝐹𝑆𝑗𝑡 +  ∆𝑌𝑗𝑡 + ∆𝐹𝑆𝑗𝑡 + ∆𝑈𝑛𝑒𝑚𝑝𝑗𝑡 + ∆𝐸𝑎𝑟𝑛𝑗𝑡 +  𝑌𝑒𝑎𝑟𝑗𝑡−1 +  𝑅𝑎𝑐𝑒𝑗𝑡−1 + 𝐴𝑔𝑒𝑗𝑡−1 +
𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1 +𝐺𝑒𝑛𝑑𝑒𝑟𝑗𝑡−1 + 𝑆𝑡𝑎𝑡𝑒𝑗 + 𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1  +  𝜀𝑗 
where 𝑃(𝑀𝑜𝑟𝑒𝑖𝑗𝑡 = 1) and  𝑃(𝐿𝑒𝑠𝑠𝑖𝑗𝑡 = 1) are the probabilities that household j had more or 
less in account i (check or savings) at the fourth quarter (t) compared to 12 months ago. The 
reference group for the regressions was the probability of having the same in each account. 
Therefore, the multinomial regression provided estimates of the relative probability of having 
more or less in an account compared to having the same in the account. A p-value of <0.05 was 
considered statistically significant for all analyses. 
2.3 Results 
Table 2.1 in displays the summary statistics of the study sample. Most household 
reference persons were female (52.1%), White (86.7%) and married (53.2%). Reference persons 
were on average 49.4 (±14.4) years old, and households were comprised of an average of 2.7 
(±1.5) persons. Approximately 16.2% of households had an annual total income below the local 
poverty level.  
The four study groups defined by the primary independent variable were significantly 
different in several explanatory variables. Household reference persons were significantly older 
among households that did not quit [49.8 years (±14.2)] compared to households with relapsed 
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cessation [48.6 years (±14.5), p<.05], recent cessation [47.9 years (±14.2), p<.01], and long-term 
cessation [48.8 years (±15.6), p<.05].  The average size of households that did not quit [2.6 
people (±1.5)] was significantly smaller compared to households with relapsed cessation [2.8 
people (±14.5), p<.05] and recent cessation [2.8 people (±1.6), p<.05]. Households with relapsed 
cessation had a significantly higher annual income than households that did not quit [$46,014.85 
(±51,596.99) versus $42,194.34 (±46,057.90), p<.05]. The household reference person was 
significantly less likely to be black among households that did not quit (7.9%) compared to 
households with relapsed cessation (10.7%, p<.05), recent cessation (10.7%, p<.05), or long-
term cessation (13.8%, p<.05). Households that did not quit were more likely to have a divorced 
reference person (19.3%) than households with relapsed cessation (16.2%, p<.05). Households 
with long-term cessation were more likely to have a reference person who had never been 
married (20.6%) compared to households that did not quit (17.1%, p<.05). Importantly, between 
the first and fourth study quarters, households that did not quit were less likely to have 
experienced a decrease in income (48.9%) compared to households with recent cessation (53.9%, 
p<.01) or long-term cessation (53.3%, p<.01). Households that did not quit were also less likely 
to have experienced a decrease in earners during the study (12.6%) compared to households with 
long-term cessation (18.2%, p<.01).   
2.3.a Modeling Tobacco Cessation 
Table 2.2 displays the marginal effects of the study’s explanatory variables on whether a 
household had any tobacco cessation (relapsed, recent, or long-term) during their participation in 
the CES. Having a black household reference person increased the probability of having quit 
tobacco during the study by nine percentage points (p<.05) and having an Asian reference person 
increased the probability of quitting tobacco by nine percentage points versus households with a 
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white reference person (p<.05). Income was significantly and positively related to cessation 
(p<.01). Having a divorced reference person increased probability of cessation by five 
percentage points compared to having a married reference person (p<.01). Having a decrease in 
household income increased probability of cessation by 17 percentage points (p<.05). 
2.3.b First Quarter Spending 
Table 2.3 presents average spending during the first quarter by household quit status. 
Univariate statistics showed that households that did not quit were spending significantly more 
on tobacco during the first quarter [$294.72 (±344.05)] compared to households with relapsed 
cessation [$210.97 (±208.51), p<.01], recent cessation [$236.09 (±274.68), p<.01], or long-term 
cessation [$192.96 (±342.87), p<.01]. Households that did not quit were also significantly more 
likely to have any spending on alcohol during the first quarter (50.4%) compared to households 
with a relapsed quit (46.9%, p<.05) or long-term quit (45.8%, p<.05). Households that did not 
quit were spending significantly lower on food during the first quarter [$1,116.22 (±935.27)] 
compared to households with a recent quit [$1,247.67 (±990.34), p<.01] or long-term quit 
[$1,192.49 (1,161.49), p<.01]. Households with a recent quit were spending significantly more 
on food at home during the first quarter [$894.17 (±726.75)] compared to households that did not 
quit [$803.20 (±636.96), p<.01]. Households that did not quit were spending significantly less on 
food away from home during the first quarter [$313.02 (±526.09)] compared to households with 
relapsed cessation [$354.72 (±632.21), p<.05] or long-term cessation [$383.78 (±828.98), 
p<.01]. Households with recent cessation were spending significantly more on housing during 
the first quarter than households that did not quit [$2,626.8 (2,524.12) versus $2,336.23 
(2,259.41), p<.01]. Households that did not quit were more likely to have any health care 
spending during the first quarter (78.8%) compared to households with recent cessation (72.6%, 
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p<.01) or long-term cessation (75.6%, p<.05). Spending on entertainment, transportation, and the 
other category was not significantly different between households that did not quit and those 
with relapsed, recent, or long-term cessation (all p>.05). 
2.3.c Spending on Alcohol 
 Table 2.4 displays the estimates of the marginal effects of tobacco cessation and other 
explanatory variables on fourth quarter spending on alcohol. Model 1 presents the relationship 
between tobacco cessation and the IHS-transformed dollars spent on alcohol among all 
households. Models 2a and 2b present the results of the two-part model, where 2a provides the 
relationship between tobacco cessation and the probability of having positive alcohol 
consumption during the fourth quarter and model 2b provides the relationship between tobacco 
cessation and dollars spent on alcohol, limiting the sample to drinking households. Model 3 
provides the results of the selection model that estimated the relationship between tobacco 
cessation and the IHS-transformed dollars spent on alcohol, correcting for potential bias in the 
sample with non-zero alcohol spending.  
Model 1 revealed that compared to households that did not quit, households with long-
term and recent tobacco cessation had significantly lower spending on alcohol during the fourth 
quarter (62% lower for long-term cessation and 49% for recent cessation, p<.01). However, 
households that had a relapsed quit were not significantly different than those that continuously 
consumed tobacco during the study (4% lower but p>.05). The two-part model (Model 2a) 
further found that long-term cessation reduced the probability of having any spending on alcohol 
by 12 percentage points (37% vs. 49%, p<.01) and recent tobacco cessation reduced the 
probability of having any spending on alcohol by 10 percentage points (39% vs. 49%, p<.01), 
but relapsed households were not significantly different in their probability of having any alcohol 
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spending than households that did not quit (both groups = 49%, p>.05). When examining the 
uncorrected analysis of cessation on dollars spent on alcohol among spenders (Model 2b), 
households with long-term and relapsed cessation were not significantly different than 
households that did not quit (7% lower for both groups but p>.05), but households with recent 
cessation had a statistically significant 15% lower spending (p<.05). The Heckman corrected 
model corroborated the findings of Models 1, 2a and 2b. In Model 3, long-term and recent 
cessation were associated with significantly lower spending on alcohol compared to households 
that did not quit (55% lower for long-term cessation and 46% lower for recent cessation, p<.01). 
The marginal effects in Model 3 were similar to those found in the Model 1 that included zero 
spending households, suggesting that the relationship between tobacco cessation and alcohol 
spending is driven by the relationship between cessation and alcohol abstinence. 
2.3.d Spending on Food 
  Table 2.5 displays the estimates of the relationship between tobacco cessation and 
spending on food. Across all models, no significant associations were found between long-term 
cessation and spending on any type of food (all p>.05). However, households with recent 
tobacco cessation displayed 10% lower spending on total food compared to households that did 
not quit (p<.01). This relationship appears to be driven by the significantly lower spending on 
food at home (9% lower, p<.05), as none of the food away models revealed a significant 
difference between households with recent cessation and those that did not quit on spending on 
food away from home (all p>.05).  
When looking at the relapsed group, there were no significant relationships between 
relapsed cessation and spending on total food or on food at home (p>.05). Additionally, when 
looking at food away from home, Model 1 found that relapsed households were not significantly 
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different than households that did not quit (4% lower but p>.05). However, the two-part model 
showed that while relapsed cessation was not significantly associated with the probability of any 
spending on food away from home (Model 2a, 1 percentage point lower but p>.05), among 
households that were spending on food away from home, relapsed households were spending 9% 
more on food away from home than households that did not quit (Model 2b, p<.05). The 
selection Model 3 provided a similar estimate as Model 2b, such that relapsed households spent 
7% more on food away from home than households that did not quit (p<.05)  
2.3.e Spending on Health Care 
 Table 2.6 displays the estimates of the relationship between tobacco cessation and health 
care spending. No models found significant relationships between long-term or recent cessation 
and spending on health care (all p>.05). When examining the relapsed group, Model 1 found no 
significant relationship between relapsed cessation and spending on health care in the full sample 
(relapsed households spent 8% lower, but p>.05). However, the two-part model revealed that 
relapsed households had 3 percentage points lower probability of having any health care 
spending compared to households that did not quit (76% vs. 79%, p<.05), and among households 
that were spending on health care, relapsed households spent 11% more on health care than those 
that did not quit (Model 2b, p<.05). The selection model found that after correcting for non-
random selection into the sample of positive health care spenders, there was no significant 
difference between relapsed households and households that did not quit in their health care 
spending (Model 3, 1% higher spending among relapsed households but p>.05). 
2.3.f Housing, Entertainment, Transportation, and Other Spending 
Table 2.7 displays the estimates of the effect of tobacco cessation on fourth quarter 
spending on housing, entertainment, transportation, and other goods. There were no significant 
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relationships between any type of tobacco cessation and spending on housing or other goods (all 
p>.05). However, households with long-term cessation spent 20% less on transportation (p<.05) 
and 17% less on entertainment (p<.01) than households that did not quit. Households with recent 
cessation spent 16% less on transportation (p<.05) and 35% less on entertainment (p<.01) than 
households that did not quit. Compared to households that did not quit, relapsed households were 
not significantly different in their spending on transportation (5% higher but p>.05) or 
entertainment (4% lower but p>.05).  
Table 2.7 also displays the relationship between cessation on total spending in the fourth 
quarter. Compared to households that did not quit, households with long-term cessation had 8% 
lower total spending (p<.01) and households with recent cessation had 10% lower total spending 
(p<.01). Relapsed households were not different in their total spending than households that quit 
(1% lower but p>.05) 
2.3.g Multinomial Differences in Checking and Savings Account Balances 
 Lastly, Table 2.8 displays the adjusted proportions of households reporting that they had 
the same, less or more in their checking and savings accounts compared to 12 months prior, and 
Table 2.9 displays the relationship between tobacco cessation and the these proportions. 
Households that recently quit tobacco were not significantly different than households that did 
not quit on the relative probability of having more or less in their savings or checking accounts 
(compared to having the same in these accounts, p>.05). However, while households with long-
term cessation were not significantly different than households that did not quit in having more 
in their checking or savings accounts (p>.05), having achieved long-term cessation was 
associated with 2 percentage points lower probability of having less in ones’ savings account 
(p<.05) and 3 percent points lower probability of having less in one’s checking account (p<.05). 
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Relapsed households were not significantly different in their probability of having the same, 
more, or less in their savings and checking accounts compared to households that did not quit 
(p>.05). 
2.3.h Other Explanatory Variables 
There are relationships between the study’s non-tobacco explanatory variables and 
spending worth pointing out.  As predicted by the study’s guiding theoretical model, baseline 
income and spending, as well as income changes during the study, were significantly related to 
fourth quarter spending on every category examined (p<.01). Looking at other explanatory 
variables, the models found that even after controlling for prior spending and income, several 
factors capturing household demographics and composition were significantly related to 
spending. Females household reference persons reported 22% lower spending on alcohol than 
male reference persons (p<.05). Total spending on food was 16% lower for Black (compared to 
White) reference persons, and this relationship was especially strong when examining food away 
from home spending (61% lower than White reference persons, p<.01). Health care spending 
was also 37% lower if the survey reference person was Black (p<.01). 
2.4 Discussion 
The current study was designed to assess the relationships between long-term, recent, and 
relapsed tobacco cessation and spending on non-tobacco goods. Despite finding that most 
expenditure categories were strongly associated with income and changes in income during the 
study’s four quarters, continuous tobacco cessation (and, therefore, the release of an average of 
$207 in quarterly tobacco funds) was not associated with a significant increase in spending on 
any non-tobacco good. Long-term and recent tobacco cessation were associated with lower 
alcohol spending, and this relationship appears to be driven by the increased likelihood of 
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households that quit tobacco to also abstain from drinking. These results are consistent with prior 
research finding that tobacco cessation is associated with a reduction in alcohol intake and 
increased odds of alcohol abstinence in smokers with prior alcohol use disorders.60 The current 
study extends these prior findings by showing that these relationships occurred in a non-clinical 
sample and occurred in expenditure data at the level of the household.  
There are several possible explanations for these alcohol spending results. Nicotine has 
been found to increase alcohol reinforcement, reward and cravings,59 so tobacco cessation may 
have operated on alcohol spending through the elimination of nicotine as a neurobiological 
reinforcer of alcohol use. Alternatively, successful tobacco users who quit may have avoided 
environmental and situational cues to smoke, such as bars and restaurants, thus removing the 
opportunity and environmental cues to drink.103 The finding that long-term and recent cessation 
were associated with reduced spending on entertainment and transportation suggests that 
households that were able to achieve sustained cessation may have underwent a more 
comprehensive lifestyle change (possibly motivated by a health shock) that included tobacco 
cessation, alcohol cessation, and reduced engagement in recreational activities associated with 
tobacco use. Alternatively, if households were motivated to quit for financial reasons, they may 
have reduced spending in these other areas, independent of cessation as a causal mechanism.104  
 The dissertation’s hypotheses about the relationship between tobacco cessation and food 
intake were partially supported. As predicted, the study found no significant relationship between 
long-term tobacco cessation and spending on total food, food at home, or food away from home. 
This may be due to the fact that the physical and psychological withdrawals from smoking that 
can lead to a change in eating habits would have attenuated after six-to-nine months of cessation 
in the majority of the sample.43 Contrary to hypotheses, households that recently ceased tobacco 
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use had significantly lower spending on food. This relationship appears to be driven by the 
significantly reduced spending on food at home, as there was no relationship between recent 
cessation and spending on food away from home. There are several possible explanations for this 
finding. First, previous research has found that household food spending declines significantly 
during economic hardships that can also motivate tobacco cessation.105 In the current sample, 
households with recent cessation may have ceased tobacco use due to economic hardship that 
also motivated a reduction in spending on food. However, if the motivation was purely financial, 
we would expect to see a reduction in spending on food away from home, which is often more 
likely to decline during financial difficulties than food at home spending.35,36,105 It is possible that 
households that quit in the midst of economic hardship face two competing motivations to 
change their food spending – the financial motivation to reduce spending on food away from 
home versus the physical and/or psychological motivation to increase eating away from home to 
cope with smoking withdrawals. If such a situation were occurring, tobacco cessation could be 
considered a barrier to executing the full spending changes a household desires to make during 
an economic crisis, which should be examined in future research.  
However, of note is that in the current study, the relationship between recent cessation 
and spending on food was found even after controlling for a change in income and earners that 
may prompt a more general decrease in spending. In addition, this relationship was not found in 
the long-term cessation group, which had the highest proportion of households experiencing a 
decrease in earners and a similar proportion (to the recent quitters) experiencing a decrease in 
income (Table 2.2). Thus, the relationship between recent cessation and spending on food at 
home was not likely caused solely by a change in the household’s financial situation. Prior 
research has found that tobacco cessation is associated with a change in the types of foods 
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consumed, such that former smokers turn to foods with higher sugar and fat content.58 In 
addition, prior research has found that on average, healthy foods can cost more per calorie than 
unhealthy foods.106-108 In our study sample, households with recent cessation may have reduced 
their consumption of healthier foods prepared at home and increased their consumption of 
unhealthy, yet lower cost, foods. Thus, they may have modified the composition and nutrient 
content of their food,69 while reducing their actual spending on food at home and maintaining 
their food away from home budget.  
Interestingly, households that quit smoking during the 2nd or 3rd study quarters but 
relapsed by the 4th quarter were no different than households that did not quit in their probability 
of purchasing food away from home, but were spending significantly more on food away from 
home. There are several possible mechanisms of this relationship. First is the income 
mechanism. Spending on food away from home often increases with increases in income, and 
food eaten away from home tends to be more sensitive to income changes than food eaten at 
home.109,110  In the current study, households may have reallocated their tobacco money to food 
away from home after quitting in the 2nd or 3rd quarters and continued this spending pattern even 
after resuming their tobacco spending on the 4th quarter. Second, prior research has found that 
binge-eating and weight gain during tobacco cessation reduces odds of long-term 
abstinence.111,112 In the current sample, a maladaptive increase in the consumption of food away 
from the home and associated weight gain may have placed households at risk for relapse. 
Alternatively, unobserved deficits in self-regulation (e.g., impulsivity) may have prompted both 
a significant increase in eating away from home and a relapse back to smoking.113 Third, as 
discussed previously in relation to alcohol consumption, tobacco use is considerably vulnerable 
to conditional reinforcement and environmental cues.114 Individuals who ate away from the 
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home may have been more likely to be exposed to environmental cues to smoke, leading to 
relapse. Thus, the increase in eating food away from home may have been the cause of, rather 
than the result of, tobacco relapse. Additional research is needed to understand the temporal 
relationship between tobacco spending and the change in spending on food. 
When examining health care spending, the current study found no significant 
relationships found between long-term or recent cessation and spending on health care. However, 
relapsed households were significantly less likely to have any spending on health care (compared 
to those that did not quit). In uncorrected models, relapsed households with non-zero health care 
spending were found to spend significantly more on health care than households that did not quit. 
This relationship became insignificant when correcting for bias in the sample with positive 
spending. Interpreting these findings is challenging, as the relationship between tobacco use and 
out-of-pocket health care spending is complex. Consumers are generally protected from the 
actual costs of health care utilization, and health care payments can often be made several weeks 
or months after utilization occurs, so one cannot directly attribute quarterly spending to quarterly 
utilization. Moreover, the health care variable used in the current study captured all sources of 
spending – health insurance premiums, medical visit copayments and coinsurance, prescriptions 
(e.g., cessation medications), and medical goods. Nonetheless, prior research has found that 
while long-term health care utilization is commonly lower among former smokers compared to 
continued smokers, smokers often experience increases in health care utilization in the periods 
shortly before and after quitting.115 These increases can reflect care for a medical condition that 
motivates cessation (e.g., cancer diagnosis) or utilization associated with a new, self-determined 
interest in disease prevention that motivates tobacco cessation and the seeking of medical care. 
The current study did not find any such patterns. It is possible that increases in smoking-related 
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health care utilization and spending occurred during the first quarter or prior to household entry 
into the CES, which motivated the cessation that took place during the study and did not increase 
immediately thereafter. Previous research has found that health care costs commonly increase 
before a quit attempt.115 Alternatively, cessation may yield opposing effects on different types of 
health care spending (e.g., prescriptions, premiums), causing the overall spending variable used 
in this analysis to result in a null relationship with cessation. For example, households facing an 
expensive smoking-related condition may switch to a health insurance plan with a higher 
premium, yet better cost coverage and lower copayments, so their overall spending stays the 
same. Future research should seek to understand how cessation’s relationship with health care 
spending varies by insurance status and the type of spending. 
There was no significant relationship between any type of cessation and housing 
expenditures. From a behavioral perspective, households would not be expected to modify 
housing expenditures to accommodate physical or psychological withdrawals of quitting 
smoking. However, some smokers purchase new furnishings or remodel during a quit attempt to 
remove smoking triggers (i.e., smell of smoke) from their environment, which was not found in 
the current housing expenditure data.114 From a financial perspective, households that quit 
tobacco spending due an expensive or debilitating medical condition or due to economic 
hardship may choose to downsize or significantly modify their home, which was also not found 
in the current study. It is possible that housing may be less sensitive to small changes in 
discretionary income and making a housing change may require more time than the three-to-nine 
months assessed in this study.48 During the first quarter, households were spending 
approximately $800-900 per month on housing. An additional $60-70 per month from former 
tobacco funds may not be sufficient to make a housing change. 
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There were no significant relationships between cessation and spending in the other 
category. The other category captured a combination of non-essential goods (e.g., clothing, 
reading materials, cash donations) that would be sensitive to discretionary income changes and 
more essential goods (e.g., pension contributions, life insurance, education payments, childcare) 
that may be more difficult to immediately modify. When looking at the other explanatory 
variables, having a decrease in household earners was negatively associated with spending in this 
category, while spending was higher in the two years prior to the latest U.S. economic recession 
that began in the second fiscal quarter of 2008. However, even after controlling for year and a 
decrease in earners, there was no relationship between cessation and spending on these ‘other’ 
goods. It is possible that cessation was associated with differential spending among types of 
goods within the other category – leading to an overall null relationship. For example, cessation 
may lead to the purchase of clothing as a substitute for tobacco or as a reward for quitting, while 
it may have no impact on pension contributions. Future research should examine the relationship 
between cessation and more granular categories of goods within this category. 
It was hypothesized that tobacco cessation would not be associated with household 
savings, as households were predicted to spend their former tobacco funds. However, the savings 
and checking account analyses provide some evidence that long-term cessation was associated 
with a stabilization of money in these accounts. While households with long-term cessation were 
not more likely to have more money in their accounts, they were less likely to have less in their 
accounts. It is possible that households with long-term cessation were intentionally saving their 
former tobacco money or were saving in response to a health or income shock that motivated 
tobacco cessation. Prior research has found that consumers often allocate some of the money 
from small, new sources of discretionary income (e.g., tax rebates) to savings or debt 
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payments.37-39 Additional research is needed to understand the motivation behind the account 
patterns found in the current study. 
2.4.a Limitations  
This study has several limitations. First, as participation in the CES is voluntary, there is 
a risk of selection or nonresponse bias. Prior research has found that CES nonresponse is not 
missing completely at random.116 There is also evidence of underrepresentation at the top of the 
income distribution and under-reporting of income and expenditures at the top of the income 
distribution.117,118 Additionally, the CES is by definition a survey of households and does not 
capture the behavior of unhoused persons and families (an important population with rates of 
tobacco use often nearing or exceeding 70%119,120). Therefore, the results may not generalize to 
very high income households and unhoused tobacco consumers.  
Second, all data are derived by self-report and are at risk for recall bias and reporting 
bias. Overall, the quarterly CES interview survey has been shown to perform well in studies 
comparing interview data with national income account data,118 but the risk of intentional 
misreporting may be a concern for stigmatizing behaviors such as tobacco and alcohol use. 
However, the prevalence of alcohol use captured by the CES is similar to the proportion of adults 
reporting past-month drinking on the National Survey of Drug Use and Health,121 and the 
prevalence of tobacco use captured by the CES is similar to that captured by the National Health 
Interview Survey.7 Moreover, biochemical validation of tobacco use in population-based studies 
is not recommended, as misreporting of smoking status in large population-based research is 
typically low (<=5%) and use of biochemical validation can introduce bias by excluding persons 
who refuse validation or by classifying persons who refuse validation as smokers.122  
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Third, as an observational study, I cannot rule-out the possibility of reverse causation 
(e.g., alcohol abstinence preceded tobacco cessation) or that unmeasured variables affected the 
relationships between tobacco cessation and spending. Tobacco cessation is endogenous and 
often motivated by health or financial events that can also prompt spending changes. Although 
the current analysis controlled for state-level and household-level financial events (i.e., job loss, 
income change, state unemployment) that may confound the relationship between cessation and 
spending on non-tobacco goods, it was not possible to isolate the effects of cessation from the 
effects of factors that motivate cessation. In addition, Table 2.3 showed that the study’s 
explanatory variables only accounted for 4% of the variance in whether a household ceased 
spending on tobacco during the study. Thus, there are variables that predict cessation and may 
also predict spending that remain uncontrolled for in the current models.  
Lastly, because spending data were at the level of the household, it is not possible to 
determine the source of tobacco cessation within the household. It is possible that a household 
ceased spending on tobacco because the smoker died or left the household for some other reason, 
in which case the fourth quarter spending would reflect the spending of the original non-smokers 
(rather than a change in spending by the former smoker).  
2.4.b Conclusions 
Prior research has suggested that tobacco crowds-out household essentials, such that 
smoking households would be spending more in other areas if they were not addicted to – and 
spending on – tobacco.21 The current study’s results conflict with these assumptions. Overall, 
this study found that successful tobacco cessation was not associated with spending differences  
in any non-tobacco category compared to households that did not quit. In contrast, long-term and 
recent cessation were associated with significantly lower spending on alcohol, entertainment, and 
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transportation, even after controlling for variables that could have motivated an overall reduction 
in spending (e.g., income loss, job loss, state unemployment increases). Recent cessation was 
further associated with reduced spending on food at home, while relapse to previous tobacco 
spending was associated with higher spending on food away from home. These patterns suggest 
that households do not behave as one would predict when viewing tobacco cessation as a change 
in discretionary income. Rather, households behave as one would predict when viewing tobacco 
cessation from a biopsychosocial perspective, wherein households may have executed key 
spending changes that would enable successful tobacco cessation.103 Alternatively, health or 
economic factors not captured in the current study’s analysis that motivated cessation may have 
influenced the spending changes identified. Future work is needed to clarify the nature and 
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Survey year      
2006 13.1% 13.8% 12.6% 8.4%** 12.7% 
2007 16.9% 15.9% 18.6%* 20.3%* 18.7%* 
2008 15.1% 14.9% 14.1% 17.6% 15.5% 
2009 15.0% 15.1% 14.2% 15.7% 14.7% 
2010 16.1% 16.7% 18.0% 14.6% 12.4%** 
2011 13.8% 13.5% 13.6% 13.8% 15.1% 
2012 10.0% 10.0% 8.9% 9.6% 10.9% 
Reference person female gender  51.2% 50.8% 51.8% 50.2% 53.0% 
Reference person Race      
White  86.7% 87.5% 83.7%** 83.3%* 80.2%** 
Black  9.3% 7.9% 10.7%* 10.7%* 13.8%** 
Native American  0.6% 0.6% 0.4% 0.4% 0.6% 
Asian  2.4% 2.0% 3.0% 3.4% 3.5%** 
Pacific Islander/Native Hawaiian  0.4% 0.3% 0.6% 0.4% 0.3% 
Multiple  1.7% 1.6% 1.7% 1.9% 1.7% 
Reference person marital status      
Married 53.2% 52.5% 56.2%* 55.9% 52.4% 
Widowed 7.4% 7.5% 7.2% 6.1% 8.0% 




Separated 3.5% 3.6% 3.1% 2.9% 3.5% 
Never Married 17.8% 17.1% 17.3% 19.5% 20.6%* 
Household income below local 
poverty level 16.2% 16.3% 14.3% 17.8% 16.7% 
State-level unemployment rate 6.9% 6.9% 6.9% 7.0% 6.87% 
Household size change during study      
Increase 5.9% 5.6% 7.1% 8.6%** 4.8% 
Decrease 8.2% 7.5% 7.9% 9.2% 11.1%** 
Income change during study      
Increase 49.9% 51.4% 49.1% 45.6%* 46.3%** 
Decrease 48.9% 47.3% 49.6% 53.9%** 53.3%** 
Decrease in earners during study 13.5% 12.6% 12.1% 14.4% 18.2%** 
Notes: No quit was defined as tobacco spending during all four study quarters. A relapsed quit was defined as the cessation of tobacco 
spending during the second and/or third quarters with a resumption of tobacco spending in the fourth quarter. A recent quit was 
defined as cessation of tobacco spending beginning with, and continuing through, the 3 months of the fourth quarter. A long-term quit 
was defined as continuous cessation of tobacco spending for 6-9 months through the fourth quarter. * p<.05 and ** p<.01 compared to 





 Table 2.2: Marginal Effects of Explanatory Variables on Any Cessation 
First quarter tobacco spending -0.0003 (0.0000)** 
Female gender 0.0101 (0.0100) 
Age in years -0.0016 (0.0005)** 
White Ref. 
Black 0.0902 (0.0220)** 
Native American 0.0015 (0.0830) 
Asian 0.0785 (0.0390)* 
Pacific Islander 0.0905 (0.0963) 
Multi-Race 0.037 (0.0470) 
Income 7.12e-07 (1.70e-07)** 
Family Size -0.0086 (0.0051) 
Married Ref. 
Widowed 0.0113 (0.0270) 
Divorced -0.0505 (0.0180)** 
Separated -0.0656 (0.0360) 
Never Married -0.0215 (0.0199) 
Decrease in earners 0.0371 (0.0207) 
No change in household size Ref. 
Increase in household size 0.0501 (0.0275) 
Decrease in household size 0.025 (0.0259) 
No change in income Ref. 
Increase in income 0.1296 (0.0653) 
Decrease in income 0.1668 (0.0651)* 
No change in unemployment Ref. 
Increase in state-level unemployment -0.0394 (0.0340) 
Decrease in state-level unemployment -0.0369 (0.0324) 
R2 0.04 
Notes: N=6,739. Estimates control for state, year, and month fixed-effects.  








(n = 4,411) 
Relapsed  
Quit 
(n = 904) 
Recent 
Quit 
(n = 478) 
Long-term  
Quit 
(n = 784) 
Total  $7,693.45 (7,095.26) $8,000.10 (7,605.37) $8,045.68 (7,016.22) $8,018.74 (7,626.03) 
Tobacco  294.72 (344.05) 210.97 (208.51)** 236.09 (274.68)** 192.96 (342.87)** 
Non-tobacco  7,398.73 (6,996.52) 7,789.13 (7,550.28)** 7,809.59 (6,950.87)** 7,825.776 (7,579.80)** 
Alcohol      
Units with positive expenditures 50.4% 46.9%* 49.2% 45.8%* 
Expenditures among all units 88.50 (212.01) 83.34 (197.99) 73.47 (180.87) 79.79 (249.78) 
Expenditures among units with 
positive spending 175.77 (271.92) 177.85 (258.69) 149.43 (235.13) 174.17 (346.24) 
All Food      
Units with positive expenditures 99.6% 99.8% 99.6% 99.5% 
Expenditures among all units 1,116.22 (935.27) 1,185.16 (991.62) 1,247.67 (990.34)** 1,192.49 (1,161.49)* 
Expenditures among units with 
positive spending 1,120.28 (934.53) 1,187.78 (991.15) 1,252.91 (989.10)** 1,198.75 (1,161.31)* 
Food at Home     
Units with positive expenditures 99.3% 99.7% 98.5% 99.3% 
Expenditures among all units 803.20 (636.96) 830.44 (612.18) 894.17 (726.75)** 808.61 (627.47) 
Expenditures among units with 
positive spending 808.70 (635.65) 833.20 (611.32) 907.46 (723.84)** 814.66 (625.89) 
Food Away from Home      
Units with positive expenditures 79.7% 80.3% 79.7% 80.9% 
Expenditures among all units 313.02 (526.09) 354.72 (632.21)* 353.49 (510.40) 383.78 (828.98)** 
Expenditures among units with 
positive spending 392.70 (562.09) 441.94 (677.87)* 443.49 (535.71) 474.32 (898.08)** 
Housing     
Units with positive expenditures 99.9% 99.78% 99.79% 99.9% 




Expenditures among units with 
positive spending 2,337.79 (2,259.36) 2,481.23 (2,551.11) 2,632.49 (2,523.89)** 2,493.60 (2,284.96) 
Transportation     
Units with positive expenditures 96.5% 94.8% 96.0% 95.2% 
Expenditures among all units 1,464.42 (3,656.78) 1,566.07 (3,526.76) 1,359.30 (3,209.03) 1,503.83 (3,743.66) 
Expenditures among units with 
positive spending 1,517.40 (3,711.54) 1,651.66 (3,602.37) 1,415.57 (3,262.71) 1,579.19 (3,820.86) 
Health Care     
Units with positive expenditures 78.8% 76.7% 72.6%** 75.6%* 
Expenditures among all units 475.56 (789.31) 459.72 (782.58) 435.79 (665.42) 470.36 (828.87) 
Expenditures among units with 
positive spending 603.48 (844.64) 599.09 (845.43) 600.31 (715.11) 622.09 (902.46) 
Entertainment     
Units with positive expenditures 93.5% 92.0% 92.7% 90.4% 
Expenditures among all units 424.71 (1,096.04) 411.52 (1,149.18) 467.62 (780.27) 386.81 (640.59) 
Expenditures among units with 
positive spending 454.38 (1,127.72) 447.54 (1,191.72) 504.57 (798.97) 428.13 (660.70) 
  Other     
Units with positive expenditures 97.8% 97.9% 97.9% 97.2% 
Expenditures among all units 1,493.12 (2,079.77) 1,607.57 (2,201.97) 1,598.76 (1,871.84) 1,701.64 (2,704.77) 
Expenditures among units with 
positive spending 1,527.03 (2,090.92) 1,641.97 (2,212.69) 1,632.92 (1,876.94) 1,749.88 (2,727.44) 




 Table 2.4: Marginal Effects of Tobacco Cessation and other Explanatory Variables on 
Fourth Quarter Alcohol Spending 
  Two-Part Heckman 
 Model 1 Model 2a Model 2b Model 3 
N 6,739 6,739 3,116 3,116 
No quit Ref. Ref. Ref. Ref. 
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No change in unemp. Ref. Ref. Ref. Ref. 














Lambda    0.72** (0.05) 
Notes: Standard errors are presented in parentheses. The dependent variables for each model are 
as follows: Model 1: Inverse hyperbolic sine (IHS)-transformed fourth quarter (Q4) alcohol 
expenditures in all households. Model 2a: Proportion of households with positive Q4 alcohol 
spending. Model 2b: IHS-transformed Q4 alcohol expenditures among households with positive 
alcohol spending. Model 3: Heckman selection corrected IHS-transformed Q4 alcohol 
expenditures among households with positive spending. Race (black vs. non-black) was entered 
into the selection equation in the Heckman model and was therefore left-out of the expenditure 
equation. Models control for state and month fixed-effects. * p<.05, ** p<.01 
56 
 
 Table 2.5: Marginal Effects of Tobacco Cessation and other Explanatory Variables on 
Fourth Quarter Food Spending 
 
All Food  
Food at 
Home  Food away from Home 
      Two-Part Heckman 





N 6,739  6,739  6,739 6,739 5,357 5,357 
No quit Ref.  Ref.  Ref. Ref. Ref. Ref. 
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Income change -0.00**  (0.00) 
 -0.00**  
(0.00) 








No change in 
unemp. Ref. 
 Ref.  Ref. Ref. Ref. Ref. 






















Lambda        0.51**       (0.04) 
Notes: Standard errors are presented in parentheses. The dependent variables for each model are 
as follows: Model 1: Inverse hyperbolic sine (IHS)-transformed fourth quarter (Q4) 
expenditures. Model 2a: Proportion of households with positive Q4 food away spending. Model 
2b: IHS-transformed Q4 food away expenditures among households with positive food away 
spending. Model 3: Heckman selection corrected IHS-transformed Q4 food away expenditures 
among households with positive food away spending. Race (black vs. non-black) was entered 
into the selection equation in the Heckman model and was therefore left-out of the expenditure 
equation. Models control for state and month fixed-effects. * p<.05, ** p<.01 
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 Table 2.6: Marginal Effects of Tobacco Cessation and other Explanatory Variables on 
Fourth Quarter Health Care Spending 
   Two-Part  Heckman 
  Model 1  Model 2a Model 2b  Model 3 
N 6,739  6,739 5,292  5,292 
No quit Ref.  Ref. Ref.  Ref. 
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Income 0.00**  (0.00) 




 0.00**  
(0.00) 
Family Size 0.05*  0.002 0.05**  0.05** 
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 (0.02) (0.00) (0.01) (0.01) 
Married Ref.  Ref. Ref.  Ref. 
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(0.13) 














No change in family size Ref.  Ref. Ref.  Ref. 





















No change in unemp. Ref.  Ref. Ref.  Ref. 














Lambda       0.48** (0.04) 
Notes: Standard errors are presented in parentheses. The dependent variables for each model are 
as follows: Model 1: Inverse hyperbolic sine (IHS)-transformed fourth quarter (Q4) healthcare 
expenditures. Model 2a: Proportion of households with positive Q4 healthcare spending. Model 
2b: IHS-transformed Q4 healthcare expenditures among households with positive healthcare 
spending. Model 3: Heckman selection corrected IHS-transformed Q4 healthcare expenditures 
among households with positive healthcare spending. Race (black vs. non-black) was entered 
into the selection equation in the Heckman model and were therefore left-out of the expenditure 















 Table 2.7: Marginal Effects of Tobacco Cessation and other Explanatory Variables on 
Fourth Quarter Spending on Housing, Transportation and Other Items or Services 
 Housing  Transport  Entertain Other† Total 
No quit Ref.  Ref.  Ref. Ref. Ref. 
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Income 0.00**  (0.00) 
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(0.00) 















Married Ref.  Ref.  Ref. Ref.  
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No change in family 
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Income change        
No change in unemp. Ref.  Ref.  Ref. Ref. Ref. 


















Notes: N = 6,739 households. Standard errors are presented in parentheses. The dependent 
variable is inverse hyperbolic sine transformed fourth quarter expenditures †Other expenditures 
included those spent on personal items, clothing, cash donations, pension contributions, and 
miscellaneous. Models control for state and month fixed-effects. * p<.05, ** p<.01
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 Table 2.8: Adjusted Probabilities of Households Having the Same, More, or Less in their 
Savings or Checking Accounts Compared to 12 Months Ago 
  Savings Account Checking Account 
Same in the Account   
No quit 65.5% (0.01) 73.6% (0.01) 
Long-term quit 69.9% (0.02) 76.9% (0.02) 
Recent quit 67.4% (0.02) 76.0% (0.02) 
Relapsed quit 68.9% (0.02) 76.5% (0.02) 
More in the Account   
No quit 15.3% (0.01) 11.3% (0.01) 
Long-term quit 13.2% (0.01) 10.8% (0.01) 
Recent quit 14.8% (0.02) 10.1% (0.02) 
Relapsed quit 14.4% (0.01) 9.2% (0.01) 
Less in the Account   
No quit 19.2% (0.01) 15.1% (0.01) 
Long-term quit 16.9% (0.01) 12.3% (0.01) 
Recent quit 17.7% (0.02) 13.8% (0.02) 
Relapsed quit 16.6% (0.01) 14.3% (0.01) 




























 Table 2.9: Marginal Effects of Tobacco Cessation on whether a Household reported having 
More or Less in their Savings and Checking Accounts Compared to 12 Months Ago  
  Savings Account Checking Account 
Same in the Account Ref. Ref. 
More in the Account   
No quit Ref. Ref. 
Long-term quit -0.02 (0.01) 0.01 (0.01) 
Recent quit -0.00 (0.02) -0.01 (0.02) 
Relapsed quit 0.00 (0.01) -0.02 (0.01) 
Female gender -0.01 (0.01) -0.00 (0.01) 
Age -0.00** (0.00) -0.00** (0.00) 
White Ref. Ref. 
Black -0.04 (0.02) -0.05* (0.02) 
Native American 0.02 (0.06) -0.14 (0.10) 
Asian -0.02 (0.03) 0.01 (0.03) 
Pacific Islander -0.01 (0.08) -0.08 (0.10) 
Multi-Race -0.04 (0.04)   -0.06 (0.04) 
2012 Ref. Ref. 
2011 0.02 (0.02) -0.00 (0.02) 
2010 0.01 (0.02) -0.02 (0.02) 
2009 0.04 (0.03) -0.03 (0.02) 
2008 0.11** (0.03) -0.00 (0.02) 
2007 0.07** (0.02) -0.01 (0.02) 
2006 0.04* (0.02) -0.02 (0.02) 
Income 0.00** (0.00) 0.00** (0.00) 
Family Size -0.02** (0.00) -0.01** (0.00) 
Married Ref. Ref. 
Widowed -0.08** (0.03) -0.05* (0.02) 
Divorced -0.03 (0.01) -0.02 (0.01) 
Separated -0.10* (0.04) -0.02 (0.03) 
Never Married -0.03 (0.02) -0.03 (0.01) 
Decrease in earners 0.01 (0.02) -0.01 (0.02) 
No change in family size Ref. Ref. 
Increase in family size 0.00 (0.02) 0.02 (0.02) 
Decrease in family size -0.01 (0.02) 0.02 (0.02) 
Change in income -0.00**(0.00) 0.00 (0.00) 
No change in unemployment Ref. Ref. 
Increase in unemployment -0.03 (0.02) -0.01 (0.02) 
Decrease in unemployment -0.03 (0.02) -0.03 (0.02) 
Less in the Account   
No quit Ref. Ref. 
Long-term quit -0.02* (0.02)   -0.03* (0.01) 
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 Recent quit -0.01 (0.02) -0.00 (0.02) 
Relapsed quit -0.02 (0.02) -0.00 (0.01) 
Female gender 0.01 (0.01) 0.01 (0.01) 
Age 0.00 (0.00) -0.00 (0.00) 
White Ref. Ref. 
Black -0.02 (0.02) -0.04 (0.02) 
Native American -0.04 (0.07) 0.10 (0.05) 
Asian -0.06 (0.04) -0.02 (0.03) 
Pacific Islander 0.08 (0.07) -0.01 (0.08) 
Multi-Race 0.03 (0.04) -0.01 (0.04) 
2012 Ref. Ref. 
2011 0.02 (0.02) 0.03 (0.02) 
2010 0.02 (0.02) 0.03 (0.02) 
2009 0.01 (0.03) 0.01 (0.03) 
2008 0.06* (0.03) 0.03 (0.03) 
2007 -0.04 (0.02) -0.04 (0.02) 
2006 0.01 (0.02) -0.01 (0.02) 
Income   
Family Size -0.01* (0.00) -0.00 (0.00) 
Married Ref. Ref. 
Widowed -0.03 (0.02) 0.02 (0.02) 
Divorced -0.04* (0.02) 0.00 (0.01) 
Separated -0.05 (0.03) 0.02 (0.03) 
Never Married -0.05** (0.02) -0.01 (0.02) 
Decrease in earners 0.04* (0.02) 0.01 (0.02) 
No change in family size Ref. Ref. 
Increase in family size 0.03 (0.02)  0.02 (0.02) 
Decrease in family size 0.01 (0.02) 0.01 (0.02) 
Income change . 0.00  (0.00) 
No change in unemployment Ref. Ref. 
Increase in unemployment 0.02 (0.03) -0.03 (0.03) 
Decrease in unemployment -0.01 (0.03) -0.05 (0.02) 
Notes: N = 6,250 question respondents. Standard errors are given in parentheses. Models control 
for state and month fixed-effects. * p<.05, ** p<.01
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 CHAPTER 3 
Tobacco Cessation and the Household Budget 
 
3.1.  Introduction 
 Chapter 2 presented the results of a study designed to examine changes in dollars spent 
on non-tobacco goods following the cessation of spending on tobacco products. That study found 
that smoking households do not appear to directly reallocate their tobacco money to other 
expenditure categories after they quit. Rather, households with long-term and recent cessation 
decreased their total spending through targeted expenditure reductions that promoted or 
accompanied tobacco cessation (e.g., reducing alcohol and entertainment).  
Investigating the dollars spent on any given type of expenditure is informative for the 
inquiry into how households spend their money after quitting, but does not capture a household’s 
overall priorities or whether these may change following tobacco cessation. Given that smoking 
households decrease their total spending following cessation, a question remains as to whether 
their preferences for various goods in relation to one another changed. Answers to this question 
can help inform the need for interventions that target the spending priorities of smoking 
households before and after a quit attempt, as well as with respect to potential secondary effects 
of tobacco interventions and policies on the dynamics of household spending.  
A household’s budget composition can be thought of as a reflection of its needs, 
preferences and priorities. Households continuously make decisions about the relative allocation 
of income to multiple expenditure categories, such as housing, food, clothing, and health care. In 
the U.S., housing comprises the largest share of the average household’s budget, followed by 
transportation, food, and health care.123 Smoking households in the U.S. spend 3-5% of their 
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 annual budget on tobacco products.21 Only a single study in the U.S. has examined the 
relationship between tobacco use and household budget composition, which found that compared 
to non-smoking households, smoking households allocate a significantly higher share of their 
budget to alcohol, food, transportation and other goods, yet a lower share to housing and 
clothing, even after controlling for income and total expenditures.21 However, no longitudinal 
studies have examined the relationship between tobacco cessation and whether or how 
households change their budget following tobacco cessation.  
To assess the relationship between tobacco cessation and the household budget, the 
current study estimated the associations between long-term, short-term, and relapsed tobacco 
cessation and the budget share of seven expenditure categories (food, alcohol, housing, 
transportation, health care, entertainment, other) among households in the U.S. 
3.2. Methods 
3.2.a Data 
As described in Chapter 1, the primary data source for the study was the quarterly 
household interview portion of the Consumer Expenditure Survey (CES) conducted by the U.S. 
Bureau of Labor Statistics (BLS) and the U.S. Census Bureau. The CES captures detailed 
expenditure and income data from households for twelve months (four quarters), as well as 
descriptive information about the survey reference person and his or her household. Data from 
the 2006-2012 CES datasets were combined to achieve sufficient sample size and to increase 
generalizability of findings across time. CES data were supplemented with data from the BLS’s 
Local Area Unemployment Statistics program to obtain quarterly, state-level unemployment 




 The study’s cohort comprised households reporting positive tobacco spending during the 
first study quarter. Four percent of smoking households were excluded for having missing 
outcomes data, negative income, or negative spending in any category (which was assumed to be 
reporting or data entry error). There were no significant differences between households included 
and excluded from the analysis in the average age (t=-0.27, p=0.79), gender (χ 2=2.41, p=0.12) or 
race (χ 2=7.02, p=0.22) of the household reference person or in the average household size (t=-
0.32, p=0.75) and income (t=1.03, p=0.30).  
The final sample was comprised of 6,739 households with complete data. Table 2.1 in 
Chapter 2 summarized the characteristics of the study sample. Most household reference persons 
were female (52.1%), White (86.7%) and married (53.2%). Reference persons were on average 
49.36 (±14.41) years old, and households were comprised of an average of 2.65 (±1.48) persons. 
The household income averaged $43,074.25 per year (±48,233.34). Approximately 16.2% of 
households had an annual income below the local poverty level at the time of survey 
participation. 
3.2.c Variables 
Independent variable: As outlined in Table 1.1 of Chapter 1, the primary independent 
variable classified the presence and length of tobacco cessation in each household at Interview 5. 
Households were categorized with one of four cessation statuses: (1) recent quit, (2) long-term 
quit, (3) relapsed quit, or (4) no quit. A recent quit was defined to align with recommendations 
from the Society for Research on Nicotine and Tobacco (SRNT) for the measurement of short-
term abstinence, wherein households were categorized with a recent quit if they had cessation of 
tobacco spending beginning and continuing for their last three months in the survey (i.e., the 
fourth quarter of their study participation).84 Consistent with SNRT recommendations, a long-
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 term quit was defined as continuous cessation of tobacco spending for ≥6 months through the 
fourth quarter of a household’s study participation.84 Relapse was defined as the cessation of 
tobacco spending during the second and/or third quarters with a resumption of tobacco spending 
in the fourth quarter. No quit was defined as tobacco spending during all four study quarters. 
Dependent Variables - The dependent variables were the fourth quarter (Q4) budget 
shares of seven expenditure categories (food, alcohol, housing, transportation, health care, 
entertainment, other) calculated as: [Q4 category expenditure/Q4 total expenditures].  
Other Explanatory Variables: Guided by household consumer theory and prior research, 
additional variables were included in all models. These variables included: first quarter budget 
share of the category, reference person age (continuous),86,87 reference person gender dummy (1 
= female),86,88,89 reference person race dummies (White, Black, Native American, Asian, Pacific 
Islander, Multi-race),91,92 reference person marital status dummies (married, single, divorced, 
widowed),93 household pre-tax income (continuous), and household size (continuous). I also 
included variables that could confound the relationship between tobacco cessation and a change 
in the budget for non-tobacco goods. These included a change in household size from the first to 
fourth quarter (dummies for an increase, decrease, or no change), change in household pre-tax 
income from the first to fourth quarter, and a dummy for a decrease in number of household 
earners from the first to fourth quarters (an indicator for household job loss, previously found to 
be associated with changes in tobacco use and drinking behavior94-96). I also included survey 
month dummies to account for seasonal variations in the household budget.97 Lastly, I included a 
state dummies, survey year dummies, and change in state-level unemployment rate during the 
study (dummies for an increase, decrease, or no change) to help control for policy, economic, or 
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 regional conditions that may have varied along the primary independent variables and impacted 
household budgeting. 
3.2.d Analytic Approach 
Analyses were conducted using STATA Version 14. The inferential analytic approach 
assumed that households maximize the utility of its members through the consumption of a 
bundle of goods (the budget) constrained by income. The dependent variables were fractions, so 
a logistic function was required to bound predicted values between 0 and 1. To remove the need 
to transform fractions of 0 or 1,124 the following fractional logit model was used to estimate the 
relationship between tobacco cessation and each expenditure category’s budget share:  
(1) 𝐵𝑆𝑖𝑗𝑡 =  𝛽1𝑅𝑄𝑗𝑡  + 𝛽2𝐿𝑄𝑗𝑡 +  𝛽3𝑅𝑒𝑙𝑗𝑡 +  𝐵𝑆𝑖𝑗𝑡−1 + 𝑌𝑗𝑡 +△ 𝑌𝑗𝑡 + 𝑇𝑜𝑡𝑎𝑙𝑗𝑡 +  𝐹𝐼𝑗𝑡 ++𝐹𝐷𝑗𝑡 + 𝐻𝑆𝑗𝑡 +  𝑌𝑒𝑎𝑟𝑗𝑡−1 +  𝑅𝑎𝑐𝑒𝑗𝑡−1 + 𝐴𝑔𝑒𝑗𝑡−1 + 𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1 + 𝐺𝑒𝑛𝑑𝑒𝑟𝑗𝑡−1 ++𝑆𝑡𝑎𝑡𝑒𝑗 + 𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1 +  𝜀𝑗    
where 𝐵𝑆𝑖𝑗𝑡 represents the budget share of expenditure category i by household j during 
the fourth quarter (time t), and 0 ≤  𝐵𝑆𝑖𝑗𝑡 ≤ 1. 𝑅𝑅𝑄𝑗𝑡 was a binary indicator that household j 
ceased tobacco spending for the 3 months of the fourth quarter (i.e., recent quit), 𝐿𝑄𝑗𝑡 was a 
binary indicator that household j ceased tobacco spending for 6-9 months through the fourth 
quarter (i.e., a long-term quit) and 𝑅𝑒𝑙𝑗𝑡 was a binary indicator that household j ceased tobacco 
spending for at least one quarter but resumed spending in the fourth quarter (i.e., a relapsed quit). 
The reference group for these three variables was a binary indicator that household j had 
continuous tobacco spending between the first and fourth quarters (i.e. no quit). The model 
included the share of the budget spent on good i by household j during the first quarter (𝐵𝑆𝑖𝑗𝑡−1) 
to control for baseline budget shares, as well as pre-tax income (𝑌𝑗𝑡), total fourth quarter 
expenditures (𝑇𝑜𝑡𝑎𝑙𝑗𝑡) and family size (𝐹𝑆𝑗𝑡). The model also included four variables that could 
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 confound the relationship between tobacco cessation and a change in spending on other goods 
from the first to fourth quarters: (1) a change in household income between the first and fourth 
quarters (∆𝑌𝑗𝑡), (2) a change in family size between the first and fourth quarters (∆𝐹𝑆𝑗𝑡), (3) a 
change in state-level unemployment rates between the first and fourth quarters (∆𝑈𝑛𝑒𝑚𝑝𝑗𝑡), and 
(4) a decrease in earners from the first to four quarters which served as an indicator of job loss 
(∆𝐸𝑎𝑟𝑛𝑗𝑡). Lastly, dummies for the year and month in which a household began CES 
participation (𝑌𝑒𝑎𝑟𝑗𝑡−1,𝑀𝑜𝑛𝑡ℎ𝑗𝑡−1) were included to account for consumption trends across over 
time, as well as characteristics of the household head (𝑅𝑎𝑐𝑒,𝑀𝑎𝑟𝑖𝑡𝑎𝑙 𝑆𝑡𝑎𝑡𝑢𝑠 𝑎𝑛𝑑 𝐴𝑔𝑒) and the 
state in which households resided (𝑆𝑡𝑎𝑡𝑒𝑗). 
3.3  Results 
Table 3.1 displays the total, tobacco, and non-tobacco expenditures during the first and 
fourth quarters by household quit status. As was presented in Chapter 2, the recent and long-term 
cessation households decreased both their tobacco and non-tobacco expenditures over the four 
study quarters (p<.05), while tobacco and non-tobacco spending in the No Quit group did not 
change significantly (p>.05).  
Table 3.2 displays the first quarter budget shares by household quit status. The first three 
columns separate the budgets of all households, those that were smoking during the fourth 
quarter (combining no quit and relapsed households), and those that were not smoking during the 
fourth quarter (combining recent and long-term quitters). The last four columns separate the 
budgets into the four quit status groups. The data show that during the first quarter, households 
were spending on average 4.8% of their budget on tobacco. Consistent with prior research, the 
largest expenditure categories were housing (33.46%), food (17.43%), other (17.57%) and 
transportation (14.18%).123,125 After controlling for total expenditures, there were significant 
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 differences in first quarter expenditures between households that were or were not still smoking 
during the fourth quarter. Compared to households that were no longer smoking during the 
fourth quarter, households that were still smoking during the fourth quarter were spending a 
significantly higher proportion of their first quarter (i.e., pre-quit) budget on tobacco (5.02% vs. 
3.79%, p<.05), alcohol (1.23% vs. 0.99%, p<.01), entertainment (5.10% vs. 4.79%, p<.05), and 
transportation (14.31% vs. 13.70%, p<.05) – and were spending a lower proportion on food 
(17.31% vs. 17.87%, p<.01), housing (33.19% vs. 34.46%, p<.01), and the other category 
(17.37% vs. 18.31%, p<.05). 
Table 3.3 displays the average fourth quarter budget shares by household quit status, and 
Table 3.4 displays the marginal effects of tobacco cessation and other explanatory variables on 
the fourth quarter budget shares. Households with long-term cessation had budget shares for 
alcohol and entertainment that were 0.5 percentage points lower (p<.01), a budget share for food 
that was 0.9 percentage points lower (p<.01), a budget share for health care that was 1.0 
percentage point higher (p<.01), and a budget share for housing that was 3.0 percentage points 
higher (p<.01) compared to households that did not quit. Households with long-term cessation 
were not significantly different in the share of their budget allocated toward transportation or 
“other” goods (both p>.05). Recent cessation reduced the budget share spent on alcohol by 0.4 
percentage points (p<.01), increased the budget share for housing by 3.6 percentage points 
(p<.01), and increased the budget share for ‘other’ goods by 1.4 percentage points (p<.01). 
Households with recent cessation were not significantly different than households that did not 
quit in the share of their budget allocated toward food, health care, transportation, or 
entertainment (all p>.05). Relapsed cessation was associated with a lower budget share for 
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 alcohol by 0.2 percentage points (p<.01), but all other budget categories were not significantly 
different than those of households that did not quit (all p>.05) 
Table 3.5 focuses on the association between tobacco cessation and a household’s food at 
home and away from home budgets. The proportion of total expenditures spent on food at home 
and food away from home are presented in the left-hand columns. The proportion of food 
expenditures spent on food at home and food away from home are presented in the right-hand 
columns. When looking at food as the proportion of total expenditures, long-term cessation 
increased the food at home budget by 0.5 percentage points and increased the food away from 
home budget by 0.4 percentage points compared to households that did not quit (p<.05). 
However, households with long-term cessation were not significantly different than households 
that did not quit on the proportion of the food budget allocated to food at home or away from 
home (both p>.05). Households that recently quit tobacco were not significantly different than 
households that did not quit in their food at home or away from home proportions of the total 
budget, or of the food budget specifically (all p>.05).  However, households with a relapsed quit 
had a food away from home budget that was 0.4 percentage points higher than households that 
did not quit (p<.05). Moreover, when looking at the composition of the total food budget, 
relapsed households shifted their food budget to away from home purchases. Relapsed 
households had a share of their food budget allocated toward food at home that was 1.5 
percentage points lower (p<.05) and a share allocated to food away from home that was 1.4 
percentage points higher (p<.05) compared to households that did not quit. 
Additional associations between non-tobacco explanatory variables and spending are 
worth noting. Consistent with prior research, the budget share of some less essential goods (e.g., 
entertainment, other) increase with an increase in total expenditures, while more essential goods 
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 (e.g., food, housing) decline in share as total expenditures increase (Table 3.4).35 In addition, 
compared to male reference persons, female reference persons reported spending a 0.7 
percentage point higher share of the total budget on food at home, a 2.3 percentage points higher 
share of the budget on food away from home, a 0.3 percentage point lower share on alcohol, a 
0.7 percentage point higher share on entertainment, and a 0.7 percentage point higher share on 
the ‘other’ category (p<.05). Compared to white reference persons, black reference persons spent 
1 percentage point lower share of their budget on health care and a 1.1 percentage point lower 
share on transportation, but a 2.2 percentage point higher share on other goods. Black families 
also had a 3.4 percentage point higher share of their food budget devoted toward food at home 
(and a corresponding 3.3 percentage point lower share devoted toward food away from home 
(p<.01)).  
3.4  Discussion 
This chapter was designed to estimate the associations between long-term, recent and 
relapsed tobacco cessation and the budget share of seven expenditure categories (food, alcohol, 
housing, transportation, health care, entertainment, other) among households in the U.S. This 
study found that when simply looking at the budgets of households in the sample when they were 
still consuming tobacco, households that were still smoking during the fourth quarter (non-
quitters and relapsers combined) were spending significantly a higher proportion of their first 
quarter budget on tobacco, alcohol, entertainment and transportation – and spending a lower 
proportion on food, housing and ‘other’ goods. These patterns are similar to those found in a 
prior cross-sectional study assessing household budget differences between smoking and non-
smoking households, which found that smoking households allocated a greater share of their 
budget to alcohol, transportation and other goods, yet a lower share to housing, food, clothing 
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 (captured in the current study’s ‘other’ category), and miscellaneous expenses.21 These 
relationships have been interpreted in prior literature to suggest that quitting tobacco would 
enable a household to purchase previously foregone housing, food, and clothing. However, the 
current study found that the households that eventually quit by the study’s fourth quarter were 
already displaying these budgetary patterns in the period immediately before they quit. 
Therefore, tobacco cessation may not produce a re-prioritization of the household budget, but is 
rather the continuation of a household’s pre-existing preferences or is part of a re-budgeting 
process that begins before cessation. 
 Second, after controlling for the first quarter budget shares and other explanatory 
variables, the study found that households that achieved long-term cessation reduced the share of 
their budget allocated to alcohol and entertainment, and increased their budget share for housing, 
health care, and food compared to households that did not quit. We know from Chapter 2’s 
results that the reduction in the budget for alcohol and entertainment occurred through a 
reduction in spending in these categories. However, the increased budget share for housing, 
health care, and food did not result from an increase in dollars spent on these goods, but through 
the reduction in total expenditures. Overall, the long-term cessation households displayed a 
pattern of shifting their household budget away from superfluous expenditures and that were a 
lower priority at baseline (compared to households that did not quit), thereby enhancing the 
relative budgets of more essential categories they were favoring in the period shortly before 
quitting. As discussed in Chapter 2, the motivations for, and mechanisms of, this budgeting 
process should be explored in future research. Households may have intentionally moved toward 
a health-promoting household budget that included the reduced spending on goods and services 
that complemented their tobacco use (e.g., alcohol, entertainment) as a means to enable their 
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 cessation. Alternatively, households may have experienced an economic hardship that 
independently motivated a reduction in superfluous items that included (but were not limited to) 
tobacco. However, as discussed in Chapter 2 with respect to food spending, if the motivation to 
reduce spending was purely financial, we would expect to see a reduction in the food away from 
home budget, which often declines during financial difficulties.35,36 Households that quit in the 
midst of economic hardship may face two competing motivations to change their food budget – 
(a financial motivation to reduce the food away from home budget and the physical and/or 
psychological motivation to increase the food away from home budget to cope with smoking 
withdrawals), in which case tobacco cessation could be considered a barrier to executing the full 
budget changes a household desires to make during an economic crisis. 
 The recently quit households displayed a different pattern of change with tobacco 
cessation. After controlling for baseline differences and other explanatory variables, compared to 
households that did not quit, households with recent cessation spent a significantly lower share 
of their budget on alcohol after quitting (due to the reductions in alcohol spending found in 
Chapter 2) and higher shares on housing and the ‘other’ category. The other category captured a 
combination of non-essential goods (e.g., clothing, reading materials, cash donations) that would 
be sensitive to discretionary income changes and relatively easy to adjust, as well as more 
essential goods (e.g., pension contributions, life insurance, education payments, childcare) that 
may be more difficult to modify. All other fourth quarter categories were similar between 
households with recent cessation and households that did not quit, despite finding in Chapter 2 
that households that recently quit had lower spending on spending on food at home, 
transportation, and entertainment. Thus, in the first few months of quitting tobacco spending, 
households may prioritize the relative maintenance of budgets that are difficult to modify in the 
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 short-term (housing, other)48 in relation to other goods, while the more widespread changes to 
the household budget found in the long-term cessation group may take more time to execute.  
Results also showed that households that relapsed had significantly lower fourth quarter 
budget share for alcohol, despite not decreasing their actual spending on alcohol (Chapter 2, 
Table 2.4). This suggests that these households decreased their relative spending on alcohol 
compared to other goods, particularly food. Interestingly, despite resuming their spending on 
tobacco, households with a relapsed quit had a significantly higher food away from home budget 
during the fourth quarter than households that did not quit. Further, when looking at the 
composition of the food budget in particular, relapsed households shifted their food budget to 
away from home purchases. These data add to Chapter 2’s findings that these households made a 
significant change to the way the household was eating during and/or after their quit attempt, 
spending more money (and most likely more time) away from home. The increase in the 
consumption of food and time spent away from the home may have placed households at risk for 
relapse. Alternatively, unobserved characteristics, such as impulsivity, may have prompted both 
a significant increase in eating away from home and the relapse back to smoking.113 Additional 
research is needed to understand the nature and timing of these associations. 
3.4.a Limitations 
The limitations to this study are similar to those described for Chapter 2’s study. 
Participation in the CES is voluntary, so there is a risk of self-selection bias, including 
underrepresentation of households at the top of the income distribution.116-118 The 
underrepresentation of households at the top of the income distribution may have led to an over-
estimation of the relationship between tobacco cessation and the household budget shares of non-
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 tobacco goods, as high incomes would present a lower budget share devoted toward tobacco (and 
thus, available for transition to other budget categories after cessation).  
Second, all data are derived by self-report and are at risk for recall bias and reporting 
bias. Overall, the quarterly CES interview survey has been shown to perform well in studies 
comparing interview data with national income account data,118 but the risk of intentional 
misreporting may be a concern for stigmatizing behaviors such as tobacco and alcohol use. 
However, the prevalence of alcohol use captured by the CES is similar to the proportion of adults 
reporting past-month drinking on the National Survey of Drug Use and Health,121 and the 
prevalence of tobacco use captured by the CES is similar to that captured by the National Health 
Interview Survey.7 Moreover, biochemical validation of tobacco use in population-based studies 
is not recommended, as misreporting of smoking status in large population-based research is 
typically low (<=5%) and use of biochemical validation can introduce bias by excluding persons 
who refuse validation or by classifying persons who refuse validation as smokers.122  
Third, as an observational study, I cannot rule-out the possibility that unmeasured 
variables affected the relationships between tobacco cessation and spending. Tobacco cessation 
is endogenous and often motivated by health or financial events that can also prompt spending 
changes. Although the current analysis controlled for state-level and household-level financial 
events (i.e., job loss, income change, state unemployment) that may confound the relationship 
between cessation and spending on non-tobacco goods, it was not possible to isolate the effects 
of cessation from the effects of factors that motivate cessation. In addition, Table 2.3 showed that 
the study’s explanatory variables only accounted for 4% of the variance in whether a household 
ceased spending on tobacco during the study. Thus, there are variables that predict cessation and 
may also predict spending that remain uncontrolled for in the current models.  
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 Lastly, because spending data were at the level of the household, it is not possible to 
determine the source of tobacco cessation within the household. It is possible that a household 
ceased spending on tobacco because the smoker died or left the household for some other reason, 
in which case the fourth quarter spending would reflect the spending of the original non-smokers 
(rather than a change in spending by the former smoker).  
3.4.b Conclusions 
 After six-to-nine months of tobacco cessation, smoking households modified the 
composition of their budget to resemble the budgets of non-smoking households described in 
prior research. However, this occurred not through the reallocation of former tobacco funds, but 
through a pattern of expenditure reductions that decreased total expenditures – leaving an 
enhanced prioritization of food, housing, and health care. Additional research is needed to 
understand the household motivations for these changes, as well as whether and/or how the 
changes in total expenditures and the overall budget are maintained past nine months. Overall, 
the relapsed household findings suggest one of a struggle between a new health priority (e.g., a 
quit attempt and reduced relative spending on alcohol) and an increase in eating away from 
home, with ultimate relapse back to tobacco. Future research should seek to understand the 
nature of household relapse, how spending patterns in the post-quit period place households at 
risk or protection from relapse, and how tobacco policy and interventions can support households 




Table 3.1: Average First and Fourth Quarter Total Expenditures by Household Quit Status 
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 Relapsed Quit 
(n = 907) 
 Recent Quit 
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Total  $7,693.45 (7,095.26) 
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Table 3.2: Average First Quarter Expenditure Budget Shares by Household Quit Status 
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Notes: Standard deviations are given in parentheses. †Food at home and food away from home budget shares are given as the 
proportion of total food expenditures. *p<.05 and **p<.01 compared to the Smoking group or No Quit group, controlling for total and 
tobacco expenditures, income, state and time (year and  month) fixed effects, and household demographics.
 
 
 Table 3.3: Average Fourth Quarter Expenditure Budget Shares by Household Quit Status 
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Notes: Standard deviations are given in parentheses. †Food at home and food away from home 




Table 3.4: Marginal Effects of Tobacco Cessation and other Explanatory Variables on Fourth Quarter Expenditure Budget 
Shares (N = 6,739) 
 Alcohol Food Health Housing Entertain Transport Other 
No quit† Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
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(0.005) 
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(0.007) 




























Total expenditures -1.14e-07*   





-5.53e-06**   
(4.29e-07) 
3.36e-07   
(2.79e-07) 
 7.85e-06**   
(5.28e-07) 
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(6.25e-07) 
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-0.018**   
(0.007) 
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(0.007) 
































-8.27e-08*   
(3.38e-08) 
1.63e-08   
(2.69e-08) 
8.89e-08   
(5.22e-08) 
-8.74e-09   
(2.57e-08) 
















0.004**    
(0.001) 











































Never Married 0.002** 
(0.001) 
0.009**   
(0.003) 






















0.012*   
(0.006) 
No change in family size Ref. Ref. Ref. Ref. Ref. Ref. Ref. 














Decrease in family size -0.001 
(0.001) 












Income change -2.78e-08**   
(5.15e-09) 
9.75e-09   
(2.96e-08) 
-1.06e-08   
(2.58e-08) 
-2.38e-07**   
(4.82e-08) 
1.17e-08   
(2.14e-08) 
2.84e-07**   
(4.65e-0) 
3.19e-07**   
(5.51e-08) 
































Notes: Standard errors are presented in parentheses. Models control for state and month fixed-effects. †Unemp = State-level 
unemployment rate. * p<.05, ** p<.01 
 
 
 Table 3.5: Marginal Effects of Tobacco Cessation and other Explanatory Variables on 
Fourth Quarter Food Budget Shares (N = 6,739) 
 As a proportion of total expenditures  
As a proportion of food 
expenditures 
 Food at Home 
Food away 





No quit Ref. Ref.  Ref. Ref. 
























First quarter share 0.302**   
(0.013) 




0.381**   
(0.013) 
Total expenditures -5.80e-06** 
(2.45e-07) 
-1.41e-07   
(9.78e-08) 




Female gender 0.007**  
(0.002) 






Age 0.000**   
(0.000) 


























































































-0.011**   
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 -1.93e-07**   
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(5.61e-08) 
-2.26e-07**   
(6.08e-08) 
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Notes: Standard errors are presented in parentheses. Models control for state and month fixed-











 CHAPTER 4:  
Unobserved Heterogeneity in the Relationship between Tobacco Cessation and Household 
Spending on Alcohol and Food 
 
4.1  Introduction 
The final paper in this dissertation focuses on the relationship between tobacco cessation 
and spending on alcohol and food. As discussed in Chapter 1, there is a large body of literature 
examining the associations between smoking, body weight and alcohol use. Smokers tend to 
weigh less than non-smokers, due to nicotine’s effects on the metabolic system,55 diminished 
neural responses to food cues among smokers,56 and differences in eating patterns and food 
content between smokers and non-smokers.57 The negative relationship between smoking and 
body weight occurs despite the greater use and abuse of alcohol (and its high caloric content) 
among smokers compared to non-smokers.50 The effects of quitting smoking on alcohol and food 
intake often follow similar patterns, such that quitting tobacco can lead to a reduction in drinking 
and an increase in the likelihood of abstaining from alcohol,60 while shifting food consumption 
toward unhealthy content and increasing the risk for weight gain.64-66,69,126  
Chapter 2 complemented this existing literature by revealing a strong negative 
relationship between both long-term and recent tobacco cessation and spending on alcohol, 
largely due to an increase in household-level alcohol abstinence. Additionally, short-term (but 
not long-term) cessation was associated with a small reduction in spending on food at home, but 
no change in spending on food away from home. In contrast, relapse was associated with an 
increase in spending on food away from home, but no change in spending on food at home. 
Thus, overall, quitting smoking may lead to a temporary increase in the purchase of low cost, 
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 unhealthy foods, while an increase in money and time spent consuming food away from home 
may place a household at risk for tobacco relapse.  
Prior research has suggested that the relationships between tobacco cessation, alcohol 
intake, and eating can vary by population characteristics, which was not evaluated in Chapter 2. 
The effects of tobacco cessation on alcohol consumption may be moderated by gender, age and 
heaviness of drinking.61,127 Picone and Sloan found that tobacco cessation was associated with 
reduce alcohol consumption in men, but not women.61 Additionally, they found that heaviness of 
drinking interacted with gender such that female problem drinkers reduced their alcohol 
consumption after quitting, while male problem drinkers did not.61 Young-Wolff et al. found that 
indoor smoking bans were associated with a reduction in alcohol use disorder incidence among 
both genders, but the relationship was strongest among public drinkers aged 18–39.127 Moreover, 
they found that remission from alcohol use disorder was affected by smoke-free legislation only 
in male participants. Smokers with comorbid alcohol dependence have also been shown to 
experience more severe nicotine withdrawals after quitting and to experience depressed mood as 
a nicotine withdrawal symptom.128 Therefore, heavy drinking prior to tobacco cessation may 
modify alcohol consumption changes after cessation. 
Similarly, the effects of cessation on eating and weight gain may depend on age, gender, 
and amount of smoking.129 For example, some studies find that women and younger smokers are 
more likely to experience weight gain following tobacco cessation,130 and high levels of nicotine 
dependence strongly predict post-cessation weight gain.126 Locatelli, Collet, Clair, Rodondi and 
Cornuz examined the joint effects of gender and heaviness of smoking on post-cessation weight 
gain, and found that among light smokers, men gained more weight after quitting than women, 
while among heavy smokers, women gained more weight.131  
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 Smoking households are more likely to experience food insecurity (or limited access to 
enough food due to limited money or other resources), and it has been suggested that quitting 
smoking may improve food security by increasing discretionary funds available to purchase 
food.24,132 Populations that appear to be especially vulnerable to food insecurity include those 
living with low-income, older adults, single mothers, and (compared to White) Black, Hispanic 
and Native Americans.23,133-135 Households that were experiencing food deficiencies before 
quitting may display a unique pattern of change in food spending after quitting, but this has not 
been addressed in the literature thus far. The motivations for a quit attempt may also 
differentially affect spending after cessation. Lower income, minority, and younger populations 
are more likely to quit smoking in response to cigarette price increases, which may affect 
spending differently than a consumer motivated to quit for health reasons for example.49 
Additionally, multi-person households may respond differently to cessation than single-
person households. Multi-person households can introduce interpersonal motivations, supports, 
and barriers for quitting that also affect post-quit spending and that may not be experienced by 
persons living in single-person households. Further, multi-person household spending reflects the 
combined spending of individuals within the household [or the allocation of resources by 
household ‘head(s)’ across individuals without spending power], contrasting single-person 
households wherein post-quit spending would reflect that of the former smoker.81 Lastly, multi-
person households can be composed of individuals with characteristics associated with 
differential food and alcohol consumption after cessation found in prior research – for example a 
male and female spouse. These potential sources of heterogeneity in the household-level effects 
of tobacco cessation on spending have not been examined in previous research.  
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 In summary, prior literature suggests that the relationship between tobacco cessation, 
alcohol intake and eating is complex and varies across the population. No prior research has 
examined the household-level heterogeneity in the relationship between tobacco cessation and 
spending on food and alcohol, and previous attempts to understand these complexities among 
individuals using non-expenditure data have relied on methods of population stratification along 
observed variables (e.g., males vs. females). To approach this problem from a different 
perspective, the current study was designed to identify and characterize latent (unobserved) 
heterogeneity in the relationship between tobacco cessation and household spending on alcohol 
and food. 
4.2 Methods 
4.2.a Data  
The primary data source for the study was the quarterly interview portion of the 
Consumer Expenditure Survey (CES) conducted by the U.S. Bureau of Labor Statistics (BLS) 
and the U.S. Census Bureau.70 Through five interviews conducted three months apart, the CES 
captures detailed expenditure and income data from households for twelve months (four 
quarters), and descriptive information about the household reference person and his or her 
household. Data from the 2006-2012 CES datasets were combined to achieve sufficient sample 
size. CES data were supplemented with data from the BLS’s Local Area Unemployment 
Statistics program to obtain quarterly, state-level unemployment rates.72  
4.2.b Participants 
The study’s cohort comprised households reporting positive tobacco spending during the 
first study quarter (i.e., tobacco consuming households). Households with missing outcomes data 
were excluded, as were households with negative spending for any expenditure category (which 
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 were assumed to be reporting or data entry error). There were no significant differences between 
households included and excluded from the analysis in the average age (t=-0.27, p=0.79), gender 
(χ 2=2.41, p=0.12) or race (χ 2=7.02, p=0.22) of the household reference person or in the average 
household size (t=-0.32, p=0.75) and income (t=1.03, p=0.30). The final sample was comprised 
of 6,739 households with complete data. 
Table 2.1 in Chapter 2 summarized the characteristics of the study sample. Most 
household reference persons were female (52.1%), White (86.7%) and married (53.2%). 
Reference persons were on average 49.36 (±14.41) years old, and households were comprised of 
an average of 2.65 (±1.48) persons. The household income averaged $43,074.25 per year 
(±48,233.34). Approximately 16.2% of households had an annual total income below the local 
poverty level. Table 4.1 summarizes the average first quarter spending on alcohol and food by 
participating households. On average, 49.1% of households were alcohol consumers during the 
first quarter, 99.3% purchased food to be eaten at home, and 80% purchased food away from 
home.  
4.2.c Variables  
Households were categorized with one of four cessation statuses: (1) recent quit, (2) long-
term quit, (3) relapsed quit, or (4) no quit. A recent quit was defined to align with 
recommendations from the Society for research on Nicotine and Tobacco (SRNT) for the 
measurement of short-term abstinence, wherein households were categorized with a recent quit if 
they had cessation of tobacco spending beginning and continuing for their last three months in 
the survey (i.e., the fourth quarter of their study participation).84 Consistent with SNRT 
recommendations, a long-term quit was defined as continuous cessation of tobacco spending for 
≥6 months through the fourth quarter of a household’s study participation.84 Relapse was defined 
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 as the cessation of tobacco spending during the second and/or third quarters with a resumption of 
tobacco spending in the fourth quarter. No quit was defined as tobacco spending during all four 
study quarters. 
Dependent Variables: The study’s dependent variables were fourth quarter dollars spent 
on alcohol, total food, food at home and food away from home. As described in Chapter 2, the 
raw data were heavily right-skewed, so I conducted an inverse hyperbolic sine (IHS) 
transformation of the raw expenditure data prior to analysis.85  
Other Variables Explanatory of Spending: Other variables that may influence fourth 
quarter spending were included in the models. These were: IHS-transformed first quarter dollars 
spent in the category, the household’s reference person’s age (continuous),86,87 gender (1 = 
female),86,88-90 race (White, Black, Native American, Asian, Pacific Islander, Multi-race 
dummies),91,92 marital status (married, single, divorced, widowed dummies),93 household pre-tax 
income (continuous),90 and household size (count). I also included variables that could confound 
the relationship between tobacco cessation and a change in spending on non-tobacco goods. 
These included a change in household size from the first to fourth quarter (dummies for an 
increase, decrease, or no change), change in household pre-tax income from the first to fourth 
quarter, and a dummy for a decrease in number of household earners from the first to fourth 
quarters (an indicator for household job loss, which is associated with changes in tobacco use 
and drinking behavior94-96). I also included survey month dummies to account for seasonal 
variations in spending, such as reduced tobacco consumption in the winter months.97 Lastly, I 
included a state dummies, survey year dummies, and change in state-level unemployment rate 
during the study (dummies for an increase, decrease, or no change) to help control for policy, 
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 economic, or regional conditions that may have varied along the primary independent variables 
and impacted spending. 
Predictors of Latent Class Membership: Guided by household consumer theory79,80 and 
prior research assessing heterogeneity of alcohol and food intake or weight following tobacco 
cessation discussed in the Introduction section, the following variables were assessed in the 
analysis predicting latent class membership: IHS-transformed first quarter dollars spent on 
alcohol or food, IHS-transformed first quarter dollars spent on tobacco, a dummy variable 
indicating membership in the lowest income quintile, a dummy variable indicating the household 
had more than one member, a dummy variable indicating the household had a decrease in earners 
from the first to fourth quarters, age of the household reference person, race of the household 
reference person, martial status of household reference person, and gender of household 
reference person. Models also controlled for state and time (year and month) fixed-effects. 
4.2.d   Analytic Approach 
Analyses were conducted using STATA Version 14. Finite mixture modeling (FMM) 
was used to identify latent differences in fourth quarter spending on food or alcohol following 
tobacco cessation. FMM is maximum likelihood approach for estimating the presence of 
unobserved subpopulations within an overall population.136 Unlike moderator, stratified or other 
multi-group analytic approaches that require investigators to specify a priori subgroups to 
analyze along observed variables (e.g., male versus female), FMM allows the data post-hoc to 
identify different outcome patterns associated with unobserved subgroups of individuals within a 
population. FMM first identifies the presence of latent subpopulations (classes), then assigns a 
posterior probability to each household of membership in the latent classes. The probabilistic 
method of identifying class membership requires fewer degrees of freedom than actual group 
94 
 
 assignment and allows for the use of multivariable analysis to identify independent relationships 
between potential predictor variables (some of which may be self-selected) and class 
membership. 
The mixture model was specified as: 





where 𝐶𝑖𝑗𝑡 is IHS-transformed dollars spent on good i by household j during the fourth 
quarter (time t) and was hypothesized to be function of the independent and other explanatory 
variables described above (𝜃𝑗). 𝐶𝑖𝑗𝑡 was further hypothesized to be drawn from a population in 
which there was a mixture of a finite number of 𝐷classes (subpopulations), each existing as a 𝜋𝑘 
proportion of the total population. The sum of 𝜋𝑘 proportions = 1 for each dependent variable. 
The FMM model required specification of the number of classes (D) (which was hypothesized to 
be two) and the probability distribution (which was assumed to be normal).  
Approximately 50% and 20% of households reported zero spending on alcohol and food 
away from home, respectively. I considered the zero-spenders as a subpopulation already 
identified and characterized in in Chapter 2 (probit regression models 2a in Tables 2.4 and 2.5). 
Therefore, for the current analysis, I limited the alcohol and food away from home mixture 
models to households with positive fourth quarter spending (𝐶𝑖𝑗𝑡 > 0). Following a similar 
analytic plan used in Chapter 2, I first ran the mixture model without correcting for potential 
non-random selection into positive spending. Next, in a corrected model, I entered the inverse 
mills ratio from Chapter 2’s probit model (that estimated the probability of positive spending) 
into the mixture model to serve as the instrument for selection into the subsample of households 
with non-zero spending in the given category.100  
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 Once the mixture models identified the latest classes for each dependent variable, I used 
probit regression to estimate the relationship between household characteristics and the 
probability of class membership, such that: 
𝑃�𝐷𝑗 = 1� = 𝐶𝑖𝑗𝑡−1  +  𝐶𝑇𝑜𝑏𝑗𝑡−1 + 𝐿𝑜𝑤𝐼𝑛𝑐𝑗𝑡 + 𝑀𝑢𝑙𝑡𝑖𝑗𝑡 +  ∆𝐸𝑎𝑟𝑛𝑗𝑡 +  𝑌𝑒𝑎𝑟𝑗𝑡−1 +  𝑅𝑎𝑐𝑒𝑗𝑡−1+ 𝐴𝑔𝑒𝑗𝑡−1 + 𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1 + 𝑆𝑡𝑎𝑡𝑒𝑗𝑡 + 𝑀𝑜𝑛𝑡ℎ𝑗𝑡 
where 𝑃(𝐷𝑗 = 1) was the probability that household j was a member of class (D) 1 
identified by the mixture model. The probit model assessed the relationship between component 
(class) 1 membership and the following household characteristics: first quarter consumption of 
good i (𝐶𝑖𝑗𝑡−1), a dummy variable indicating membership in the lowest income quintile 
(𝐿𝑜𝑤𝐼𝑛𝑐𝑗𝑡), a dummy variable indicating the household had more than one member (𝑀𝑢𝑙𝑡𝑖𝑗𝑡), a 
dummy variable indicating the household had a decrease in earners from the first to fourth 
quarters (∆𝐸𝑎𝑟𝑛𝑗𝑡), age of the household reference person (𝐴𝑔𝑒𝑗𝑡−1), race of the household 
reference person (𝑅𝑎𝑐𝑒𝑗𝑡−1), martial status of household reference person (𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑗𝑡−1), gender 
of household reference person (𝐺𝑒𝑛𝑑𝑒𝑟𝑗𝑡−1). Lastly, dummies for the year and month in which a 
household began CES participation (𝑌𝑒𝑎𝑟𝑗𝑡−1,𝑀𝑜𝑛𝑡ℎ𝑗𝑡) were included to account for 
consumption trends across over time, as well as the state in which households resided (𝑆𝑡𝑎𝑡𝑒𝑗). 
4.3  Results 
4.3.a Alcohol Spending 
Table 4.2 displays the results for the alcohol data. The probit column presents the 
relationship between cessation and other explanatory variables on the probability of having 
positive spending on alcohol. This model was discussed previously in Chapter 2 and is presented 
here as a reference. Similarly, the GLM columns present the linear models discussed in Chapter 
2 that estimated the uncorrected and Heckman corrected associations between cessation and 
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 dollars spent on alcohol, among households with positive spending. The GLM models are 
presented again in the current chapter as a reference for the mixture model results. 
Uncorrected Alcohol Models - The mixture model revealed two latent subpopulations 
(components) of fourth quarter alcohol spending. Component 1 was composed of 22% of the 
sample and Component 2 was composed of 78% of the sample. Within the population 
represented by Component 1, households with long-term cessation had 21% lower spending on 
alcohol compared to households that did not quit (p<.01), while households with recent cessation 
and relapsed cessation were not significantly different than those that did not quit (p>.05). 
Within the subpopulation represented by Component 2, households with long-term cessation 
were not different than those that did not quit (3% lower but p>.05), while households with 
recent cessation had 16% lower alcohol spending (p<.05) and households with relapsed cessation 
and 13% lower alcohol spending (p<.05) compared to households that did not quit.  
Additional component differences are worth noting. First quarter spending on alcohol 
showed a stronger relationship to fourth quarter spending in Component 1 than in Component 2 
(77% vs. 16% marginal effect), while income and experiencing a change in income during the 
study were significantly associated with alcohol spending in Component 2 only (p<.05). In 
addition, female gender of the household reference person was negatively related to alcohol 
consumption in Component 2 (10% lower than male gender, p<.05) but not in Component 1 (4% 
lower but p>.05). Being never married had opposing effects on alcohol spending in the two 
Components. In Component 1, never being married (versus married) was associated with 23% 
lower alcohol spending (p<.05), while in Component 2 never being married was associated with 
26% higher alcohol spending (p<.01).  
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 Table 4.3 displays the relationships between household characteristics and the probability 
of being in Component 1 identified by the uncorrected mixture model. Households were more 
likely to be a part of the Component 1 population if they had higher first quarter alcohol 
spending (p<.01) and greater age (p<.01). Compared to having a white reference person, having 
a Native American reference person increased the probability of being in Component 1 by 13 
percentage points, while having Pacific Islander reference person increased the probability of 
being in Component 1 by 15 percentage points (p<.05). Multi-person households had 4 
percentage point lower probability of being part of Component 1 (p<.05). First quarter tobacco 
spending, income, having a decrease in household earners, and the martial status and gender of 
the household reference person were not predictive of component membership (p>.05). 
Corrected Alcohol Models - The Heckman corrected GLM from Chapter 2 revealed that 
long-term and recent cessation were associated with significantly lower spending on alcohol 
during the fourth quarter. The corrected mixture model revealed two latent components of fourth 
quarter alcohol spending. Component 1 was comprised of 58% of the population and Component 
comprised 42% of the population. In both components, long-term tobacco cessation was 
associated with significantly lower spending on alcohol, but the relationship between long-term 
cessation and alcohol spending was stronger in Component 2 (smaller) population. In 
Component 1, compared to households that did not quit, long-term cessation was associated with 
39% lower alcohol spending (p<.01), while in Component 2 long-term cessation was associated 
with 85% lower alcohol spending (p<.01). In both components, recent tobacco cessation was 
associated with significantly lower spending on alcohol, and the effect was similar in both 
subgroups (50% lower in Component 1 and 48% lower in Component 2, both p<.01). The 
relationship between relapse and alcohol spending was different in the two components. In 
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 Component 1, relapsed households had 23% lower alcohol spending than households that did not 
quit (p<.05), while in Component 2 relapsed households were not significantly different than 
those that did not quit (9% higher spending, but p>.05).  
First quarter spending on alcohol was significantly and positively related to fourth quarter 
spending in both components (p<.01), and showed a similar relationship to fourth quarter 
spending in the two components. Marital status of the household reference person was 
differentially associated with alcohol spending in the two components. Compared to married 
reference persons, alcohol spending was 40% lower among windowed reference persons (p<.05) 
in Component 1 only, while divorced reference persons spent 32% less on alcohol than married 
reference persons in Component 2. In Component 1 only, households that had a decrease in 
earners spent 29% less on alcohol than households that did not experience such a decrease 
(p<.05). Additionally, an increase in state-level unemployment was associated with 62% lower 
alcohol spending in Component 2 (p<.01), but was not significantly related to alcohol spending 
in component 1 (17% higher than states that did not have a change in the unemployment rate, but 
p>.05).  
When examining the household probability of component membership in the corrected 
alcohol model (Table 4.3), the data showed that higher first quarter alcohol was the only factor 
significantly associated with probability of latent class membership. Higher first quarter alcohol 
spending was associated with reduced probability of being in Component1 (p<.01). The 
remaining predictor variables were all insignificantly associated with class membership at p>.05. 
4.3.b Food at Home Spending 
Two latent subpopulations were revealed for spending on food at home. Component 1 
was composed of 4% of the population and Component 2 comprised 96% of the sample. Within 
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 the population that comprised Component 1, there were no significant relationships between any 
type of cessation (long-term, recent or relapsed) and spending on food at home. In the 
Component 2 population, long-term cessation was associated with 4% lower food spending 
(p<.05), while recent cessation was associated 6% lower spending (p<.01) in spending, but 
relapsed cessation was not significantly related to food at home expenditures in either component 
(p>.05). Higher first quarter food spending and having a married survey reference person 
decreased a household’s probability of being in Component 1 (p<.05; Table 4.3). Being married 
reduced a household’s probability of being part of Component 1 by one percentage point lower 
(p<.05), while experiencing a decrease in earners during the study increased the probability of 
being in Component 1 by 1.2 percentage points (p<.05). 
4.3.c Food Away from Home Spending 
Table 4.6 provides the mixture model results for the food away from home data. As with 
the alcohol data, the probit and GLM models discussed in Chapter 2 are presented here as a 
reference for the mixture models. 
Uncorrected Food Away from Home Models - The uncorrected GLM from Chapter 2 
revealed no significant associations between long-term or recent cessation and dollars spent on 
food away from home during the fourth quarter, yet relapsed cessation was associated with 9% 
higher spending on food away from home (p<.05). The current uncorrected mixture model 
revealed two latent subpopulations of fourth quarter spending on food away from home. 
Component 1 comprised 26% of the sample and Component 2 comprised 74% of the sample. 
The population represented by Component 1 showed no significant associations between long-
term or recent cessation and spending on food away from home (p>.05), while relapsed 
households spent 13% more on food away from home than households that did not quit (p<.05). 
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 In the population represented by Component 2, households with long-term, recent, or relapsed 
cessation were not significantly different in their food away from home spending than 
households that did not quit (all p>.05). 
Additional component differences are worth noting. First quarter spending on food away 
from home was associated with fourth quarter spending in both components, but the relationship 
was stronger in Component 1 (marginal effect = 0.91 vs. 0.13 in Component 2). In addition, 
female gender, black (versus white) race and being divorced or never married (versus married) 
were significantly and negatively related to alcohol spending in Component 2 only (p<.01). 
Being separated (versus married) had opposing effects on food away from home spending in the 
two Components. In Component 1, never being married (versus married) was associated with 
37% higher food away spending, while in Component 2 never being married was associated with 
27% lower food away spending (p<.01).  
Table 4.7 displays the relationships between household characteristics and the probability 
of being in Component 1 identified by the mixture model. Households were more likely to be a 
part of the Component 1 population if they had higher first quarter food away spending and an 
older household reference person (p<.01). Experiencing a decrease in earners and being married 
decreased a household’s probability of being in Component 1 by 3 percentage points, while 
being in the lowest income level decreased a household’s probability of being in Component 1 
by 4 percentage points (p<.05). Household size and the gender and race of the household 
reference person were not significantly related to component membership (p>.05). 
Corrected Food away from Home Models - The Heckman corrected GLM from Chapter 
2 was very similar to the uncorrected model. Long-term and recent cessation were not associated 
with spending on food away from home during the fourth quarter, while relapsed cessation was 
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 associated with 7% higher spending on food away from home (p<.05). The current corrected 
mixture model revealed two latent components of fourth quarter spending on food away that 
were similar to the uncorrected model. Component 1 comprised 25% of the population and 
Component 2 comprised 75% of the population. Component 1 behaved similarly to the overall 
GLM model. Long-term and recent cessation were unrelated to spending on food away from 
home (p>.05), while relapse was associated with 12% higher spending (p<.01). There were no 
significant relationships between any type of cessation and spending on food away from home in 
Component 2 (all p>.05). When examining the household probability of component 1 
membership in the corrected model, that higher first quarter spending on food away from home 
and age were positively associated being in Component 1 (Table 4.7, p<.01). Being married 
decreased a household’s probability of being in Component 1 by two percentage points and 
having a decrease in earners decreased a household’s probability of being in Component 1 by 
three percentage points (p<.05). 
4.4 Discussion 
 This study conducted in this chapter was designed to identify and characterize 
heterogeneity in the relationships between tobacco cessation and spending on alcohol and food. 
The results showed that the only subpopulation exhibiting a positive relationship between 
tobacco cessation and spending was Component 1 of the food away from home model, which 
found that relapse was associated with higher spending on food away from home. Additionally, 
the number of first quarter dollars spent on tobacco was unrelated to household membership in 
either of the two latent subpopulations of spending on alcohol, food at home, or food away from 
home. These findings support Chapter 2’s conclusion that tobacco cessation does not appear to 
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 function as a change in discretionary income for most households in the U.S. by increasing 
dollars spent on non-tobacco goods.  
The study further revealed significant heterogeneity in household spending on alcohol 
following cessation. The uncorrected alcohol model displayed a smaller (22% of the sample) 
population of households in which long-term cessation (but not recent or relapsed cessation) was 
associated with significantly lower alcohol spending compared to households that did not quit. In 
the larger subpopulation, recent and relapsed cessation (but not long-term cessation) were 
associated with significantly lower alcohol spending. Multi-person households and those with 
lower pre-quit alcohol spending were more likely to be part of the subpopulation in which recent 
and relapsed cessation were associated with lower alcohol spending. The corrected alcohol 
model found two subpopulations with lower alcohol consumption following long-term and 
recent cessation, yet there was a subpopulation of relapsed households that also had lower 
alcohol spending. Households were less likely to be part of this subgroup the higher their 
baseline alcohol spending.  
Taking the uncorrected and corrected findings together, results suggest that most 
households reduce alcohol spending during or after tobacco cessation, but a subgroup of 
households (determined by lower pre-quit alcohol spending and possibly younger age, white 
race, and multi-person membership) is also able to reduce or maintain a reduction in alcohol 
spending following relapse back to tobacco. Prior research has found strong associations 
between smoking, heavy drinking, and socializing.137 The combination of higher alcohol 
consumption with a desire to socialize and drink outside the home may present a barrier toward 
reducing alcohol use after tobacco cessation and increases risk for tobacco relapse.  
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 The food at home analysis suggested that the effect of tobacco cessation on food at home 
spending was largely homogeneous. Approximately 96% of the sample was captured by a single 
class (component 2), in which both long-term and recent cessation were associated with a small 
but significant reduction in food at home spending. Households were more likely to be part of 
the subpopulation that did not lower their food at home spending after quitting if they had lower 
pre-quit spending on food at home, were not married, and had experienced a decrease in earners 
during the study. Prior research has found that non-married households (especially those headed 
by men) are less likely to consume food at home, are at higher risk of food insecurity, and 
consume a poorer diet than married households.133,138,139 The pattern of household characteristics 
identified in the current analysis suggests that the subpopulation of households that did not 
reduce food at home expenditures after recent cessation represents households that were 
financially or socially vulnerable to experiencing food deficiencies before or during tobacco 
cessation. In addition, unemployment has been associated with opposing effects on food 
spending, depending on the nature of the unemployment (e.g., termination, forced versus planned 
retirement).48,140,141 Thus, cessation may have resulted in multiple divergent spending effects in 
this population: increasing the consumption of unhealthy lower cost foods (to cope with tobacco 
withdrawals or the stress of job loss), increasing the consumption of healthy foods (to resolve 
pre-quit food insecurities or as one’s time at home increases after unemployment) and decreasing 
overall spending (to conserve after unplanned job loss). The fact that low income status did not 
predict household membership in this subpopulation is unexpected, although the relationship 
between income and the food response to cessation may be driven by pre-quit food spending, 
which was included in the model.  
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  When examining food away from home spending, the corrected and uncorrected models 
yielded similar findings. Long-term and recent cessation were unrelated to fourth quarter 
spending on food away from home in the two subpopulations identified. Additionally, in both 
models, relapsed cessation was associated with higher spending on food away from home in the 
smaller of the two subpopulations identified. Households were more likely to be part of the 
subpopulation that increased food away spending with tobacco relapse if they had higher 
baseline food away spending, were of older age, were not married, and had not experienced job 
loss during the study. This finding suggests that financial strain and/or income constraints, as 
well as social motivations to eat at home, are determinants of the change in a household’s 
spending on food away from home following cessation.  
4.4.a Limitations 
The limitations to this study are similar to those described for Chapter 2’s study. 
Participation in the CES is voluntary, so there is a risk of selection bias and underrepresentation 
of households at the top of the income distribution.116-118 In addition, all data were collected by 
self-report and are at risk for recall bias and reporting bias, and the study’s observational design 
leaves the possibility of unmeasured variables affecting the relationships between tobacco 
cessation and outcomes. In addition, prior research has found that different types of food respond 
to cessation and income changes differently,36 which the current study did not assess. While 
eating more fast food and junk food would be expected to increase after cessation as substitutes 
for smoking, the consumption of junk food commonly declines with increase in income.142 It is 
possible that several opposing responses were occurring undetected in the current sample, 
causing an overall null relationships in many of the food models. Lastly, when examining the 
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 food at home spending, 96% of households were captured with a single latent class, suggesting 
there was limited need for a model of complex heterogeneity with this outcome. 
4.4.b Conclusions 
 The relationship between tobacco cessation and spending on food at home is largely 
homogeneous, with almost all households displaying a small reduction in food at home spending 
after quitting tobacco. However, spending on alcohol and food away from home displayed 
greater heterogeneity, which was not detected in Chapter 2’s GLM. Across all expenditure 
categories, the most consistent predictors of spending heterogeneity were the amount of spending 
on alcohol and food prior to tobacco cessation, marital status, and job loss. Additional research is 
needed to understand the mechanisms of these relationships and how the relationships may vary 








(n = 4,411) 
Relapsed  
Quit 
(n = 904) 
Recent 
Quit 
(n = 478) 
Long-term  
Quit 
(n = 784) 
Total  $7,693.45 (7,095.26) $8,000.10 (7,605.37) $8,045.68 (7,016.22) $8,018.74 (7,626.03) 
Tobacco  294.72 (344.05) 210.97 (208.51)** 236.09 (274.68)** 192.96 (342.87)** 
Non-tobacco  7,398.73 (6,996.52) 7,789.13 (7,550.28)** 7,809.59 (6,950.87)** 7,825.776 (7,579.80)** 
Alcohol      
Units with positive expenditures 50.4% 46.9%* 49.2% 45.8%* 
Expenditures among all units 88.50 (212.01) 83.34 (197.99) 73.47 (180.87) 79.79 (249.78) 
Expenditures among units with 
positive spending 175.77 (271.92) 177.85 (258.69) 149.43 (235.13) 174.17 (346.24) 
Food at Home     
Units with positive expenditures 99.3% 99.7% 98.5% 99.3% 
Expenditures among all units 803.20 (636.96) 830.44 (612.18) 894.17 (726.75)** 808.61 (627.47) 
Expenditures among units with 
positive spending 808.70 (635.65) 833.20 (611.32) 907.46 (723.84)** 814.66 (625.89) 
Food Away from Home      
Units with positive expenditures 79.7% 80.3% 79.7% 80.9% 
Expenditures among all units 313.02 (526.09) 354.72 (632.21)* 353.49 (510.40) 383.78 (828.98)** 
Expenditures among units with 
positive spending 392.70 (562.09) 441.94 (677.87)* 443.49 (535.71) 474.32 (898.08)** 







Table 4.2. Finite Mixture Model for Fourth Quarter Alcohol Expenditures (Marginal Effects) 
    Uncorrected Model  Corrected Model 
  Probit  GLM Component 1 Component 2  GLM Component 1 Component 2 
Probability    22% 78%   58% 42% 
No quit Ref.  Ref. Ref. Ref.  Ref. Ref. Ref. 












































































































































2012 Ref.  Ref. Ref. Ref.  Ref. Ref. Ref. 











































































Income 0.00**  
(0.00) 

































































































No change in size Ref.  Ref. Ref. Ref.  Ref. Ref. Ref. 
































-1.14e-06   
(9.85e-07) 
-2.25e-06**   
(6.20e-07) 









No change in unemp. Ref.  Ref. Ref. Ref.  Ref. Ref. Ref. 




























Lambda       0.72** 
(0.05) 
  
Notes: The sample included participants with positive alcohol spending during the fourth quarter (n=3,116). The finite mixture model 
(FMM) assumed two latent classes normally distributed in the population. Increasing the model to 3 components resulted in a failure 
to converge. Standard errors are presented in parentheses. The corrected model employed Heckman selection corrected IHS-
transformed alcohol expenditures among households with positive spending. Race (black vs. non-black) was entered into the selection 
equation in the Heckman model and was left-out of the expenditure equation. Models control for state and month fixed-effects. * 









 Table 4.3: Determinants of Membership in Alcohol Component 1 
 Uncorrected Model Corrected Model 
First quarter tobacco 0.01 (0.01) 
-0.01 
(0.00) 
First quarter alcohol 0.02** (0.00) 
-0.01** 
(0.00) 
Female gender 0.01 (0.01) 
-0.01 
(0.01) 
Age 0.001* (0.000) 
0.00 
(0.00) 
Black -0.01 (0.02) 
0.04 
(0.02) 
Native American 0.13* (0.06) 
-0.07 
(0.04) 
Asian 0.02 (0.04) 
0.03 
(0.02) 
Pacific Islander 0.15* (0.07) 
-0.03 
(0.04) 
Multi-Race -0.002 (0.044) 
0.06 
(0.03) 
Lowest income 0.01 (0.02) 
-0.04 
(0.01) 
Multi-person household  -0.04* (0.02) 
-0.00 
 (0.01) 
Married 0.00 (0.01) 
0.01 
(0.01) 
Decrease in earners 0.01 (0.02) 
0.00 
(0.01) 
Notes: The sample included participants with positive alcohol spending during the fourth quarter 




 Table 4.4: Finite Mixture Model for Fourth Quarter Food at Home Expenditures 
(Marginal Effects) 
  GLM Component 1 Component 2 
Probability   4% 96% 
No quit  Ref. Ref. Ref. 




































White  Ref. Ref. Ref. 
Black  -0.15** 
(0.03) 
-1.25* 
  (0.59) 
-0.04 
(0.02) 
























2012  Ref. Ref. Ref. 




































Income  0.00**  
(0.00) 









   (0.01) 
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 Married  Ref. Ref. Ref. 























   (0.02) 






No change in size  Ref. Ref. Ref. 












Income change  -0.00**  
(0.00) 
-4.63e-06   
(6.31e-06) 
-3.18e-07    
(1.67e-07) 
No change in unemp.  Ref. Ref. Ref. 












 Notes: N=6,739. The finite mixture model (FMM) assumed two latent classes normally 
distributed in the population. Increasing the model to 3 components resulted in a failure to 
converge. Standard errors are presented in parentheses. Models control for state and month 












 Table 4.5. Determinants of Membership in Food at Home Components 1 
First quarter tobacco 0.0040 
(0.00) 
First quarter food -0.02** 
(0.00) 














Lowest income 0.00 
(0.01) 




Decrease in earners 0.01* 
(0.01) 





Table 4.6: Finite Mixture Model for Fourth Quarter Food away from Home Expenditures (Marginal Effects) 
    Uncorrected Model  Corrected Model 
  Probit  GLM Component 1 Component 2  GLM Component 1 Component 2 
Probability    26% 74%   25% 74% 
No quit Ref.  Ref. Ref. Ref.  Ref. Ref. Ref. 





























































































    

















    

















    




























































































-9.99e-08   
(6.04e-07) 
5.59e-06**   
(5.07e-07) 
 0.00**  
(0.00) 
-3.20e-07   
(6.17e-07) 
6.10e-06**   
(5.01e-07) 





















































































No change in size Ref.  Ref. Ref. Ref.  Ref. Ref. Ref. 
































-1.46e-06*   
(5.85e-07) 
-2.97e-06**   
(4.72e-07) 
 0.00**  
(0.00) 
-1.33e-06*   
(5.61e-07) 
-3.13e-06**   
(4.62e-07) 
































Lambda       0.51**       (0.04) 
  
Notes: The sample included participants with positive food away from home spending during the fourth quarter (n=5,357). The finite 
mixture model (FMM) assumed two latent classes normally distributed in the population. Increasing the model to 3 components 
resulted in a failure to converge. Standard errors are presented in parentheses. The corrected model employed Heckman selection 
corrected IHS-transformed alcohol expenditures among households with positive spending. Race (black vs. non-black) was entered 
into the selection equation in the Heckman model and was left-out of the expenditure equation. * p<.05, ** p<.01
 
 
 Table 4.7. Determinants of Membership in Food away from Home Component 1 
 Uncorrected Model Corrected Model 
First quarter tobacco -0.00 (0.01) 
0.00 
(0.00) 
First quarter food away 0.04** (0.00) 
0.03** 
(0.00) 
Female gender -0.00 (0.01) 
-0.00 
(0.01) 
Age 0.001** (0.000) 
0.001* 
(0.000) 
Black -0.02 (0.02) 
0.00 
(0.02) 
Native American -0.11 (0.09) 
0.01 
(0.02) 
Asian -0.05 (0.04) 
-0.00 
(0.03) 
Pacific Islander 0.02 (0.08) 
-0.00 
(0.08) 
Multi-Race 0.05 (0.04) 
0.04 
(0.03) 
Lowest income -0.04* (0.02) 
-0.02 
(0.02) 
Multi-person household 0.00 (0.02) 
-0.00 
(0.01) 
Married -0.03* (0.01) 
-0.02* 
(0.01) 
Decrease in earners -0.03* (0.02) 
-0.03* 
(0.01) 
Notes: The sample included participants with positive spending on food away from home during 




CHAPTER 5:  
Discussion 
5.1. Overview of the Dissertation 
The retrospective cohort studies conducted for this dissertation were designed to examine 
the relationship between tobacco cessation and household spending on other goods. Using 2006-
2012 Consumer Expenditure Survey (CES) data, a cohort of 6,739 tobacco-consuming 
households was created and followed for twelve months (four quarters). Households were 
categorized during the fourth quarter according to the presence and length of tobacco cessation, 
such that households were identified as having: (1) recent tobacco cessation, (2) long-term 
cessation, (3) relapsed cessation or (4) no cessation. The dissertation then compared the fourth 
quarter expenditure dollars (Chapter 2) and expenditure budget shares (Chapter 3) of eight 
categories (alcohol, food at home, food away from home, housing, health care, transportation, 
entertainment and other) between the ‘no cessation’ households and those with recent, long-term, 
or relapsed cessation. Chapter 4 focused further on the relationships between tobacco cessation 
and spending on alcohol or food by using finite mixture modeling (FMM) to examine 
unobserved heterogeneity in these relationships and potential determinants of the heterogeneity. 
This final chapter of the dissertation will summarize and synthesize the findings from Chapters 2 
– 4, discuss the public health and policy implications of study findings, and provide 
recommendations for future research. 
5.2.  Summary of Findings 
5.2.a Chapter 2 
Chapter 2’s analysis of fourth quarter dollars found that compared to households that did 
not quit tobacco, those with long-term or recent cessation had significantly lower spending on 
119 
 
 alcohol, entertainment, and transportation during the fourth quarter. Recent cessation was further 
associated with reduced spending on food at home, while relapsed cessation was associated with 
greater spending on food away from home. The chapter’s analysis of self-reported savings and 
checking account balances during the fourth quarter compared to 12 months prior provided some 
evidence that long-term cessation was associated with a stabilization of money in these accounts 
compared to households that did not quit.  
Overall, the chapter’s results suggested that successful tobacco cessation was not 
associated with increased spending on non-tobacco goods. In contrast, households that achieved 
recent or long-term tobacco cessation executed specific consumption reductions that may have 
enabled their cessation (e.g., reduced drinking and entertainment) or that were prompted by a 
health or financial hardship that also lead to their decision to quit tobacco. The chapter also 
suggested that smoking cessation may also lead to a temporary change in eating (possible to 
lower cost, unhealthy foods), and that increasing one’s money (and likely time) spent away from 
home may place a household at risk for tobacco relapse.  
5.2.b Chapter 3 
Chapter 3’s analysis of fourth quarter budget share data found that compared to 
households that did not quit tobacco, households with long-term cessation had a significantly 
lower share of the budget allocated to alcohol and entertainment, which we know from Chapter 
2’s results was a result of reduced spending in these categories. However, long-term cessation 
was also associated with increased budget shares for housing, health care, and food, which 
Chapter 2 showed did not result from an increase in dollars spent in these categories but from the 
reduction in total expenditures. Thus, households with long-term cessation appeared to shift their 
consumption away from superfluous expenditures that complemented their prior tobacco use and 
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 that were a low priority at baseline, thereby enhancing the relative budgets of more essential 
categories.  
Chapter 3 also found that compared to households that did not quit, households with 
recent cessation spent a significantly lower share of their fourth quarter budget on alcohol (due to 
the reductions in alcohol spending identified in  Chapter 2), yet a higher share on housing and 
‘other’ goods (which was not a result of increased spending in these categories). All other fourth 
quarter categories were similar to households that did not quit, despite finding in Chapter 2 that 
households that recently quit reduced their actual spending on food at home, transportation, and 
entertainment. Thus, the more widespread changes to the budget composition found among the 
households with long-term cessation may take more than three months to execute. 
Lastly, Chapter 3 found that households with relapsed cessation had a significantly higher 
food away from home budget during the fourth quarter than households that did not quit, despite 
resuming their spending on tobacco. Further, the proportion of the total food budget in particular 
among relapsed households shifted toward food away from home purchases. These data 
complemented Chapter 2’s findings that relapsed households changed the way in which the 
household was eating during or after their quit attempt, spending more money (and most likely 
more time) away from home, which may have contributed to their relapse. 
5.2.c Chapter 4 
Chapter 4 FMM’s results found that the relationship between cessation and spending on 
food at home was mostly homogeneous, with 96% of households captured by a single latent class 
that exhibited a small reduction in dollars spent on food at home after quitting tobacco that 
continued for 6-9 months, but there was no change in food at home spending among households 
with relapsed cessation. Households were more likely to be part of the very small subpopulation 
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 that did not reduce food at home spending after cessation if they had lower pre-quit food 
spending, were not married, and experienced a loss in earners during the study. This pattern of 
predictors suggested the presence of vulnerabilities to household food deficiencies that would 
prevent further reductions in food spending. Alternatively, this subpopulation may have 
experienced multiple, divergent influences on food at home spending (e.g., an increase due to 
time at home after job loss or to resolve prior food insecurities, while switching to low cost 
unhealthy foods to cope with tobacco withdrawal) – creating an overall null relationship with 
cessation. 
Chapter 4 further found that spending on alcohol displayed greater heterogeneity than the 
foot at home data. The alcohol results suggested that most alcohol-consuming households 
reduced their alcohol spending during or after quitting tobacco. In addition, although about 42% 
of households that relapsed back to tobacco did not change their alcohol spending (or resumed to 
their pre-quit levels after tobacco relapse), 58% of households (predicted by lower pre-quit 
alcohol spending and possibly younger age, white race, and multi-person membership) were 
successful at reducing alcohol use even when they relapse to tobacco.  
 Lastly, with respect to spending on food away from home, Chapter 4 found that long-
term and recent cessation were unrelated to fourth quarter spending on food away from home in 
both subpopulations identified by the mixture model. Additionally, relapsed cessation was 
associated with an increase in spending on food away from home in the smaller subpopulation of 
households. Households were more likely to be part of the subpopulation that increased its 
consumption of food away from home after relapse if they had higher first quarter spending on 
food away, were of older age, were not married, and had not experienced a decrease in earners 
during the study.  
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 5.5. Limitations  
The studies conducted for this dissertation have several limitations. Participation in the 
study’s primary data source (the U.S. CES) is voluntary, so there is a risk of selection bias into 
the study sample. Previous research has found that underrepresentation at the top of the income 
distribution and under-reporting of income and expenditures at the top of the income 
distribution.117,118 Additionally, the CES is by definition a survey of households and does not 
capture the consumer behavior of unhoused persons (an important population with rates of 
tobacco use often nearing or exceeding 70%119,120). Therefore, the results may not generalize to 
very high-income households or those without housing. 
Second, all data were derived by self-report and are at risk for recall bias and reporting 
bias. Overall, the quarterly CES interview survey has been shown to perform well in studies 
comparing interview data with national income account data,118 but the risk of intentional 
misreporting may be a concern for stigmatizing behaviors such as heavy drinking or tobacco use. 
However, the prevalence of alcohol use captured by the CES is similar to the proportion of adults 
reporting past-month drinking on the National Survey of Drug Use and Health,121 and the 
prevalence of tobacco use captured by the CES is similar to that captured by the National Health 
Interview Survey.7 Moreover, biochemical validation of tobacco use in population-based studies 
is not recommended, because misreporting of smoking status in large population-based research 
is typically low (<=5%) and use of biochemical validation can introduce bias by excluding 
persons who refuse validation or by classifying persons who refuse validation as smokers.122 
Nonetheless, future research would benefit from methods of data collection that do not rely on 
self-report (e.g., expenditure transactions) to confirm the current study’s findings.   
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 Less invasive methods of expenditure data collection may solve another limitation of the 
study, which is that participating households were required to keep detailed expenditure records, 
which may have induced some participant reactivity. Prior research has found that low-income 
households are less likely to keep household budgets and financial plans.143 Therefore, the 
expenditures patterns revealed in the current study may not reflect how households would 
behave outside of a research setting where they do not tracking their spending. 
As an observational study, I cannot rule-out the possibility of reverse causation or that 
unmeasured variables affected the relationships between tobacco cessation and the study’s 
outcomes. I was also unable to determine the exact timing of changes in the outcomes, or their 
interrelationships. For example, alcohol cessation may have preceded tobacco cessation or 
spending on food away from home may have preceded or coincided with relapse. Future research 
could use simultaneous equation modeling of the different expenditure categories to better 
understand these relationships. 
Lastly, because the spending data were at the level of the household, it is not possible to 
determine the source of tobacco cessation or consumption of other goods within the household. It 
is possible that a household ceased spending on tobacco because the smoker died or left the 
household for some other reason, in which case the fourth quarter spending would reflect the 
spending of the original non-smokers (rather than a change in spending by the former smoker). 
However, the household-level expenditure changes are still important and valuable for 
understanding the effects of cessation on household spending. 
5.3 Synthesis and Implications of Findings 
One of the main findings across chapters is that tobacco cessation was significantly 
related to changes in the finances of the household, both in terms of the dollars spent on various 
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 goods and in the composition of the total household budget. The overall patterns of change 
suggested that (consistent with prior research using non-expenditure data60,61,144), households that 
had recent and long-term cessation of spending on tobacco executed a more comprehensive 
lifestyle change that included reduced spending on alcohol, entertainment, and transportation. As 
tobacco cessation is endogenous, additional research is needed to understand whether the 
relationship between cessation and reduced spending on non-tobacco goods was causal or jointly 
motivated by health or economic shocks. Nonetheless, the current studies suggest that tobacco 
interventions and policies have the potential to affect not only the behavior of the targeted 
smoker, but the behaviors and financial choices of the members of his or her household, as well 
as sectors of the economy beyond the health care and labor markets.145 These secondary effects 
are often not measured in tobacco control research,145 potentially limiting our knowledge of the 
full benefits and costs of tobacco interventions and policies. 
A second main finding is that, although tobacco cessation was associated with significant 
changes in household spending, there was limited evidence that households reallocated their 
tobacco funds to other expenditure categories after quitting. Households with long-term or recent 
cessation had significantly lower total expenditures during the study’s fourth quarter compared to 
households that did not quit, after controlling for pre-quit spending, income, and other 
explanatory variables. The only increase in spending identified was that relapsed households 
increased their spending on food away from home during the fourth quarter. However, this 
increase was still present when households had resumed spending on tobacco. Chapter 2 did find 
evidence that households with long-term cessation were more likely to have the same amounts in 
their checking and/or savings accounts compared to households that did not quit, suggesting that 
households may have been saving their tobacco money (and often alcohol money) after quitting, 
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 which would be a positive outcome of cessation consistent with an income effect. Additional 
research is needed to confirm the stabilization in banking account balances in relation to quitting, 
and whether it was an intentional response to cessation. If households are intentionally saving 
their tobacco money after quitting, the motivations behind the choice to save and how 
households eventually spent the money should be explored in future research. If the savings was 
not intentional, research is needed to understand why households do not perceive the financial 
effects of tobacco cessation and whether there are ways to make these effects more salient and 
rewarding for households. Research has shown that smokers are often financially-motivated to 
quit and that providing externally-controlled financial incentives is effective at increasing 
abstinence rates, at least in the short-term.146 It may be possible to make the financial gains that 
smokers naturally experience while quitting smoking more salient for smokers in order to induce 
and sustain cessation.  
The general finding that households do not appear to increase spending on non-tobacco 
goods after quitting is important when making predictions about how cessation will affect 
smokers and their households. Some existing literature suggests that tobacco cessation can help 
very low-income households by providing money to purchase food and other essentials they are 
lacking due to spending money on cigarettes.30-32 However, the current study did not find that 
cessation resulted in an increase in spending on food or housing, even in the Chapter 4’s FMM 
analysis that examined low income status as a predictor of food spending. There have also been 
concerns that smokers will increase their spending on alcohol after quitting, as predicted when 
considering alcohol as a normal good. The current analysis found the opposite, such that 
households with long-term and recent cessation had lower alcohol spending, and this was driven 
by the increase in household-level alcohol abstinence. Therefore, the biopsychosocial 
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 perspectives of smokers and their households, as well as the context in which they are quitting 
(e.g., after a financial or health shock) should be considered when predicting the financial 
outcomes of tobacco control interventions and policies. If households quit in the midst of an 
economic hardship, they may use their tobacco money to simply maintain the budget for 
households essentials (e.g., food, housing), rather than use it to increase spending on non-tobacco 
goods.  
A final main finding is that the positive relationship between tobacco cessation and 
weight gain identified in prior research is not likely mediated by an increase in spending on food 
or alcohol after quitting. The current analysis found no relationship between long-term or recent 
cessation and spending on food away from home, while long-term and recent cessation were 
associated with significantly lower spending on food at home in most households. In addition, 
both recent and long-term cessation were associated with significantly higher abstinence from 
alcohol (and thus its high caloric content). The weight gain following cessation identified in the 
existing literature may be more plausibly caused by nicotine’s metabolic effects55 or by a change 
in the types of food eaten after cessation – moving more toward higher sugar and fat content to 
relieve nicotine withdrawal57,58 – while maintaining or reducing dollars spent on food.  
5.6 Conclusion and Future Directions 
In conclusion, tobacco cessation is related to spending changes among households in the 
U.S., including large reductions in spending on alcohol. Additional research is needed to address 
the limitations of the dissertation, including use of less invasive and objective expenditure 
measurement techniques, longer follow-up of households, measurement of health and income 
shocks that may have motivated or interacted with the spending reductions identified is 
households that ceased tobacco use, measurement of individual spending of household members, 
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 and use simultaneous modeling to understand the causal directions and interrelationships 
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